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PREFACE 


This manual is issued for the purpose of giving the general re- 
quirements of the United States Coast and Geodetic Survey for the 
execution of topographic surveys and to describe the instruments 
and methods used for topographic work. It is one of a series cover- 
ing the various operations of the bureau. Two publications of the 
bureau, the Plane-Table Manual, Special Publication No. 85, and the 
section pertaining to topography of the General Instructions for 
Field Work, Special Publication No. 26, are superseded by this 
manual and will no longer be issued. 

The topographic surveys carried on by the Coast and Geodetic 
Survey are usually for the purpose of compiling nautical charts and, 
in most cases, consist of a delineation of the shore line and of the 
territory immediately adjacent to the coast. This manual, there- 
fore, deals chiefly with the methods used for this purpose and does 
not cover extensively the operations involved in the execution of 
inland topographic surveys. 

Many helpful suggestions for the CEN EA of the manuscript 
were received from various members of the Coast and Geodetic Sur- 
vey. Special credit is due W. E. Parker, chief, division of hydrog- 
raphy and topography, and E. H. Pagenhart, assistant chief of the 
same division, for their careful review of the manuscript and for 
their suggestions for its improvement. 
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DEPARTMENT OF COMMERCE, 
Untrep States COAST AND GEODETIC SURVEY, 
Washington, September 30, 1928. 

The general requirements for topographic work as published in 
part 1 of this manual supersede all previous instructions and circu- 
lars on the subjects treated. They shall be followed in the execution 
of all topographic work unless divergence therefrom is authorized 
in the special instructions issued for each project. 


E. Lester Jones, Director. 
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TOPOGRAPHIC MANUAL 


GENERAL STATEMENT 


Topographie surveying is the process of determining the positions, 
on the earth's surface, of the natural and artificial features of a 
locality and of delineating them by means of conventional signs 
upon a plane surface called a topographic map. Such a map shows 
both the horizontal distances between the features and their eleva- 
tions above a certain level called the datum plane. The representa- 
tion of the variations in elevation is called the relief. 

A topographic map is a representation in miniature of the area 
covered by it and the distance between any two points on the map, 
therefore, has a definite relation to the actual distance between the 
points. This relation or ratio is called the scale. The scale used 
for a topographic survey depends on the accuracy and amount of 
detail required. 

Topographie surveys range, in accuracy and amount of detail 
shown, from a generalized sketch with very little control to a well- 
controlled cadastral survey in which even comparatively small de- 
tails, such as fences, houses, etc., are drawn to scale. The character 
of the survey depends upon the purpose for which the map is to be 
used. 

The production of maps for use in the compilation of nautical 
charts is & special branch of topographie work. In addition to 
skill in topographie surveying, it requires an understanding of the 
principles of chart construction and of the information regarding 
land areas that the mariner requires on his chart. A knowledge of 
hydrographie methods is necessary, for, with few exceptions, the 
topographie work of the Coast and Geodetic Survey is carried on 
in conjunction with hydrographic surveys. The economical prose- 
cution of the latter often depends considerably on the intelligent 
cooperation of the topographer, especially in the establishment of 
control stations. Finally, proficiency in seamanship, with special 
reference to small-boat work, is essential, for the coastal topographer 
must be able to handle such boats and their equipment under all 
conditions. 

For charting purposes the shore line must be shown as accurately 
ass required by the scale of the chart. Prominent hills and natural 
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and artificial features that may be used by the navigator must be 
clearly indicated in their true positions. Inconspicuous hills, ridges, 
ravines, and other similar features must be delineated with sufficient 
care to insure that they may be recognized beyond doubt. The 
amount of additional detail along and back of the shore line that 
should be mapped depends on the nature of the features and the im- 
portance of the locality. A profusion of unimportant detail is un- 
desirable, as it may obscure more important features. 


Part 1.—GENERAL REQUIREMENTS FOR TOPOGRAPHIC 
WORK 


The general requirements for the topographic work of the Coast 
and Geodetic Survey, as prescribed by the director, are as follows: 


1. Data to start survey.—Instructions for a topographic survey will be accom- 
panied by such available information as is required by the character of the work. 
This will include geographie positions, descriptions of stations, and copies of 
previous surveys. The instructions and data must be examined immediately 
to make sure that they are clear and complete. 

2. Arrangement of sheets.—A sheet plan should be laid out on a suitable 
chart or, in an uncharted region, on a reconnaissance sketch. In order to use 
as few sheets as practicable for the survey of any region, each sheet should 
cover as great a length of coast line as possible, while providing for necessary 
overlap with adjoining sheets and the inclusion, within the limits of the sheet, 
of all stations required for control. If practicable without sacrifice of these 
considerations, sheets should be laid out so that the projection lines are ap- 
proximately parallel with the sides of the sheet. Sheets containing small de- 
tached areas of topography should be avoided, if practicable, by placing sub- 
plans on unused portions of sheets adjacent to such areas. 

3. Identification of sheets.—Each topographie sheet used during a season shall 
be designated by a capital letter assigned in alphabetical order by the field 
party. The field letter of each sheet shall be clearly shown in one corner on 
the back of the sheet and shall be referred to in all correspondence, reports, 
ete. relating to the sheet until the latter has been registered and numbered in 
the office. \ 

4. Paper for topographic sheets.—Whatman's hot-pressed, handmade anti- 
quarian paper, size 31 by 53 inches, backed with cloth, shall be used for all 
sheets. This paper may be obtained from the office or a field station, upon 
requisition. ü 

5. Care of sheet.—Care must be exercised to protect the sheet from injury 
and to keep it clean. When not on the table, the field sheet should be carried 
in a metal tube not less than 315 inches in diameter. Tubes may be obtained 
from a field station or the office. Blank sheets should be stored flat. 

6. Scales.—' The scale or scales prescribed by the special instructions for a 
project shall be used except as provided in the remainder of this paragraph. In 
no case shall the scale of a topographie sheet be smaller than that on which the 
hydrographie work is done or the scale of the chart that will be compiled from 
the survey. A larger scale than specified may be used for any section of the 
work where such action appears to be warranted by local conditions, the par- 
ticular purpose of the survey as stated in the instructions, or any other 
information in the possession of the chief of party. 

7. Projections.—In order to eliminate errors due to distortion of projections 
constructed under different climatie conditions, projections shall be made, 
whenever possible, in the field. 'The construction of projections and plotting of 
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stations thereon shall be checked, and the initials of the persons performing 
and checking these operations shall be entered in ink in the lower right-hand 
corner of each sheet, together with the dates on which the work was done and 
the scale of the sheet. ` 

These data shall be entered in the following form : 


Scales or SI en E Et 
Projection: Dy- 2o aane o (Initials, date) 
Projection verified’) Vea ee (Initials, date) 
mrnangulation stations Plotted byc- eee ee (Initials, date) 
Triangulation stations verified by- -< mT (Initials, date) 


To check for distortion at any time, a l5-meter distance shall be measured 
along the bottom of the sheet and another along the right-hand edge. Each of 
these two distances shall be indicated by two dots placed so that the testing 
length comes approximately along the middle of the edge. 

8. Control of topography.—(a) The main control for all topographic work 
shall consist of stations at intervals of about 5 miles along the coast; such 
stations to be located by triangulation or traverse of at least third-order 
accuracy. To supplement the main control, additional stations shall be provided 
at intervals of about 2 miles along the coast; such stations to be located by 
theodolite euts, transit and tape, or by plane-table graphic triangulation. 

(6) Objects located by previous surveys but subject to change in position, 
such as flagstaffs, beacons, signal masts, etc., shall not be used for control until 
they have been relocated or their original positions verified. 

(c) Triangulation and traverse executed by topographie parties for the 
purpose of establishing control stations shall conform with the instructions in 
the Manual of Second-Order Triangulation and Traverse. (See also par. 29.) 

9. The control shall be established and the positions plotted on the field sheet 
before starting the topographic survey unless for some unusual reason it is 
impracticable to do so. Every effort should be made to establish the control 
first. 

10. Where topography must unavoidably be carried on simultaneously with 
control surveys;and other work, the control, if practicable, shall be kept suf- 
ficiently in advance so that the distances (not necessarily the geographic po- 
sitions) may be computed and plotted on the sheet before filling in the 
topography. In all cases where this will cause too great delay or is impracti- 
cable from other causes, the topographer shall check the distances on his sheet 
by the computed distances as soon as they are available, and where the discrep- 
ancies are larger than the allowable errors as prescribed in paragraph 12, he 
shall correct the error. 

11. Topographic surveys in advance of contro] usually will be confined to 
surveys of moderate-sized bays. The preliminary control shall start from a 
base line, preferably measured with a steel tape. If this is impracticable, the 
base may be measured by a careful plane-table traverse run in both directions 
and without appreciable discrepancy in the two measures. 

12. Standard of accuracy.—The standard of accuracy for all topographic work 
shall be based on the following considerations : 

(a) All traverse lines run shall, if practicable, be checked by closing circuits 
or ending at a control station. On a 1: 20,000 or smaller scale the closing error 
shall not exceed 8 meters per mile of traverse, and closing errors on larger scales 
shall be proportionately smaller (4 meters per mile on a 1: 10,000 scale, etc.). 
Closing errors within these limits may be adjusted on the sheet. Larger errors 
shall be adjusted by a field examination. The provisions of this paragraph also 
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apply to the transfer and adjustment of topography executed at the same time 
or in advance of control surveys. 

(b) Every part of the well-defined and permanent shore line and all other 
features determined shall be located with sufficient accuracy for hydrographic 
surveying and charting purposes. 

18. Adjustment of instruments.—' The plane-table alidade shall be carefully 
adjusted before use and at frequent intervals while in use. Telemeter rods 
Shall be earefully tested before beginning a season's work, even though they 
were used with the same alidade and diaphragm during the previous season or 
have come direct from the office. 

14. Telemeter rods shall not be read below a line of sight 3 feet above the 
ground for distances requiring one-half or less of the stadia-wire interval. 

15. Repairs to instruments.—In general, instruments shall be returned to 
Washington for repairs, but, in an emergency, repairs may be secured in the 
field. 

16. Features to be located.—Among the features to be included in coast topog- 
raphy are the following: 

(a) The careful location of the mean high-water line (not considering storm- 
high water) and the low-water line so far as the latter can be determined or 
estimated without waiting for low tide. A special effort shall be made to 
locate the high-water line back of mangroves. (See p. 69.) 

(5) Rivers and streams for a distance back from the coast, depending on 
their importance or in accordance with special instructions. 

(c) Bridges crossing surveyed streams. Their character, width of span, 
width of draw (if a drawbridge), and clearance shall be stated. Information 
regarding clearance shall give the minimum headroom at the center of the 
channel span above (1) mean high water, where the plane of reference used 
on the chart is mean low water, or (2) mean higher high water, where the 
plane of reference is mean lower low water. 

(d) Cities, towns, roads, railroads, important trails, transmission lines, and 
all distinctive topographie features within a reasonable distance of the coast. 
Wharves and buildings along the shore shall be accurately shown, but other 
individual buildings of a city or town shall not be shown unless they are of 
sufficient prominence to be useful as landmarks. In general, the inclusion of 
three streets back from the water will be sufficient for the chart. When there 
is no street system, the existence of a settlement shall be shown by the 
generalized symbol. 

(e) Objects of a permanent recoverable nature, either natural or artificial, 
that may be identified for use in future surveying operations or as reference 
points for shore-line changes or aerial surveys. All objects referred to in 
this paragraph shall be located carefully, and the exact positions of some promi- 
nent feature of each shall be indicated distinctly on the sheet. 'The more im- 
portant objects, and especially those landmarks which should appear on the 
chart, shall be named directly on the sheet itself, either close to the object 
or by reference letter and a note elsewhere on the sheet. Brief legends de- 
scriptive of important landmarks may also be placed on the sheet. 

(f) Location and brief description of temporary signals established for 
hydrographie work. 

(g) The nature of the coast line, of the area between high and low water 
lines, and of the general vegetation along the shore. These shall be shown 
by appropriate symbols or legends. It is very desirable that the upper tree 
line on mountains be shown whenever practicable. 

(h) The location and elevation of hills or mountains within the limits of 
the sheet, other elevations, and contours or form lines. 
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(i) Off-lying features such as islets, reefs, rocks, sand bars, breakers, piles, 
fish traps, aids to navigation, etc. Such features shall be shown by appro- 
priate symbols or legends. (See par. 38.) Elevations above mean high water 
of islets and conspicuous rocks should be stated. 

17. Magnetic meridian.—The magnetic meridian shall be drawn at least once 
on each sheet by using the declinatoire while àt a control station. In regions 
of possible local disturbance additional determinations of the magnetie meri- 
dian shall be shown. It shall be indicated by a line 6 inches long, having a 
plain arrowhead at the north end and no “feathers” at the south end, drawn 
not necessarily through the control point, but at any convenient point on the 
sheet. In all cases the date and the station at which the meridian was deter- 
mined must be indieated, either by lettering along the line itself or by a note 
that clearly refers to the line. 'The declinatoire shall be checked at least once 
during the season at a station where the declination is known, and the error 
shall be indicated on the sheet. The declinatoire should be placed along the 
magnetie meridian frequently in order to determine if there is any local at- 
traction. 

18. Elevations.— The minimum number of elevations to be determined shall 
be that required to draw the contours or form lines with the required degree 
of accuracy. Every elevation determined shall be shown on the sheet. 

19. Plane of reference.— The plane of reference for elevations shall be mean 
high water. Elevations shall be stated in feet. All elevations given, either by 
figures or contours, should represent the elevations of the ground. In wooded 
country where it is practicable to determine only the elevation of the tree 
tops an allowance should be made for the estimated height of the trees above 
the ground. 

20. Contours.—Within the continental limits of the United States, exclusive of 
Alaska, the relief shall be indicated by contours. The term “contour” refers 
to a line of equal elevation based upon a sufficient number of elevations over the 
area so that no part of a contour, as shown in open country and on slopes of 
5° or less, shall be out of position more than one-half the horizontal distance 
between the adjacent contours. 

21. Form lines.—In Alaska and the Philippine Islands form lines approxi- 
mating the accuracy of contours shall be used. For form lines the elevations of 
points, together with the elevations of prominent summits, shall be distributed 
over the area so that there will be at least one elevation for every 4 square 
inches of field sheet, with such additional elevations as can be obtained without 
unduly delaying the progress of the work. 

22. Special eare shall be given to form lines indicating the slopes and summits 
of points and headlands which may be of use in determining a vessel's position 
from seaward, as they are often used when the immediate shore line lies below 
the observer's horizon. Such form lines shall be verified, if practicable, by 
observations from the survey vessel at the distance offshore usually followed by 
coasting vessels. 

23. Contour and form-line intervals.—For coast topography the contour inter- 
val shall be either 20, 50, or 100 feet, and the form-line interval shall be either 
50 or 100 feet, as specified in the special instructions for the project. 'The choice 
of interval will depend on the nature of the country and the scale of the sheet. 
Only one specific interval shall be used on a sheet. 

24. Revision.—In revision work the requirements for original topographie 
surveys shall be followed in so far as they apply to the project. 
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25. A bromide copy of the original topographic sheet will be furnished to the 
topographer. This is to be closely inspected, checked, and compared with the 
existing topography and the changes determined. 

26. When certain features no longer exist, or when their positions as deter- 
mined by the revision differ from those given on the original sheet, the facts 
must be thoroughly checked and this verification specially mentioned by approx 
priate notes either on the sheet or in the descriptive report. 

27. Such features as may be shown on the original sheets but are not men- 
tioned in paragraph 16 (such, as inconspicuous buildings back from the water 
front, minor roads that do not lead. up from the water, fences, etc.) shall be 
disregarded umless otherwise directed. 

28. Information from other sources.—Both in original surveys and revision 
work the topographer shall, whenever possible, secure maps of towns and plans 
showing improvements, such as new terminals, bridges, ete. Such plans and 
maps must have sufficient points in common with the topographic sheet clearly 
marked on both to insure their location and orientation on the sheet. They 
shall be inspected in the field and clearly marked to distinguish between details 
that exist at the time of the survey and those that are projected only. Every 
blue print or plan submitted by a chief of party or other officer shall bear a 
statement over the signature of that officer as to the verification made in the 
field and the date. The purpose of this statement is to have the record show 
the extent to which the information contained can be relied upon to show con- 
ditions existing at that time. Such data shall be forwarded to the office with 
the topographic sheet. Details covered by properly inspected and controlled 
maps and plans shall not be shown on the sheet in the field. Data of this 
nature shall not, however, be used to obtain the positions of important objects 
which must be determined by the topographer. 

29. Marking topographic stations.—A sufficient number of stations shall be 
marked to provide, in conjunction with the control stations, permanently marked 
stations at intervals of not over 2 miles along the shore line. Standard bronze 
hydrographie station marks shall be used for this purpose wherever prac- 
ticable. Such stations shall be described on Form 524. 

30. Shore-line reference.—Where a permanent mark is established or recovered 
along a shore subject to wave action and in such position as to make the meas- 
urements feasible, the field party shall measure the distance and azimuth from 
the mark to one or more points on the high-water line, top of beach slope, crest 
of bluff, or such other characteristic feature as, when compared with similar 
measurements to be made in the future, will best indicate the change in the 
shore line during the interim. On a straight or curving shore a single measure 
normal to the shore line will suffice. At points or headlands a larger number 
of measurements, preferably not less than three, shall be made in directions as 
widely separated as practicable. The resulting data shall be included in the 
description of station or recovery note in the same manner as reference marks 
and in, addition thereto. 

31. Inking.—Waterproof ink shall be used for all inking. Black ink is to be 
used except where otherwise specified. 

32. Inking of sheets shall be done by the topographer or by a member of the 
party under his direction, and as soon as practicable after the field work is 
completed on a sheet. The inking of a sheet can not be considered as finished 
until all details specified in these requirements have been inked. 

33. Accuracy, neatness, and clearness are necessary in inking a sheet; beyond 
this, fine drafting is not essential, and time should not be used in endeavoring 
to make a handsome drawing. The field topographie sheet is a survey record; 
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it should show all useful information plainly, neatly, and correctly. Valuable 
information, useful notes, etc., must not be omitted for fear of marring the 
appearance of the sheet; nor must the topographer hesitate to place the neces- 
sary information on the sheet because he is not an expert at lettering. 

34. A note shall be placed at the bottom of the sheet giving the latitude and 
longitude, with seconds in meters, of one triangulation station that is plotted 
on the sheet. 

35. Parallels and meridians shall be inked in fine full lines. The minutes of 
latitude and longitude of each parallel and meridian shall be numbered at each 
end with the degrees at the ends of those which are a multiple of five. 

36. Topographic feature symbols.—The standard topographic symbols author- 
ized by the Board of Surveys and Maps shall be used for all detail shown by 
symbols. 

37. Great eare must be taken not to confuse the symbol for sunken rocks (a 
simple cross), rocks awash (three lines crossing, one of which is parallel to 
the lines of latitude), and rocks above high water (heavy dot or shape). 
(See p. 68.) 

38. Brief notes should be given on the sheet as to important reefs and rocks 
that show at various stages of the tide; as “bares so many feet at low water," 
*awash at low water,” and the like. Such notes should agree with similar 
information in the hydrographic records. Terms such as “bare at high water” 
or “bare at 4 tide” should not be used, as they are ambiguous. 

39. The reef symbol shall be used only to represent the limit of reefs bare or 
awash at low water and should not be used to represent reefs covered to some 
depth at low tide. Limits of submerged reefs that are located by the topo- 
graphie survey shall be. indicated by a broken line inclosing sunken-rock 
symbols, or an appropriate legend. When a definitely located rock is shown 
by the rock-awash or sunken-rock symbol, it shall be encircled by a dotted 
line, such symbols without the circular dotted line being used to indicate gen- 
erally foul ground and not the exact location of each rock indicated by the 
symbol, (See p. 68.) 

40. Time need not be taken for the elaborate covering of a sheet with topo- 
graphic vegetation symbols, but limits may be shown with words in the center 
to show the character of the area covered. The limiting lines shall be com- 
posed of the symbol representing the vegetation they inclose. Words may be 
used to indicate vegetation features for which there is no special symbol, and 
their limits indicated by a broken line. Descriptive words or legends of this 
kind must begin with lower-case letters to avoid confusion with geographic 
names and to meet the requirements of chart practice. 

41. The limits of vegetation outside the high-water line, such as kelp, man- 
grove, ete., Shall be indicated by symbol only. 

42. Station symbols.—Except as provided below, triangulation stations shall 
be marked by small red triangles, with name of station (in full) and year of 
location in red. All signals and prominent objects located by topography which 
are to be used or are useful for hydrographic surveys, and permanent topo- 
graphie stations, shall be marked by small red circles about 3 millimeters in 
diameter with name in red. Ecception: In no case shall the above symbols be 
permitted to obscure an essential topographie feature; for instance, in ease of 
an off-shore rock or islet used as a triangulation station the rock or islet shall 
not be obseured by the station symbol, but the latter may be omitted, if neces- 
sary, and the fact that a station exists at the point indicated by a name or 
legend, referenced to the point by an arrow. 
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43. The high-water line.—The high-water line shall be drawn with sufficient 
strength to make it clearly distinguishable. The identification of the high- 
water line on marsh is usually diffieult. The outer edge of the typical marsh 
is vertical and is sometimes covered at high water, but for use on navigational 
charts this vertical edge should be indicated as the high-water line. The inner’ 
edge of the marsh (the limit of submergence at high water) when clearly 
defined may be drawn by a line distinctly lighter than the high-water line. 
Marshy formation outside the vertical edge of the marsh, especially when it is 
mud or grass of temporary growth, shall be shown by the mud symbol or the- 
mud symbol with grass tufting but shall not be defined by a full line at the 
outer edge. The character of the marsh and the extent to which it is covered. 
at high water shall be noted in the descriptive report. 

44. Features not fully surveyed, such as the shore line back of mangroves,. 
large areas of swamp land, or the extension of a stream beyond the limits: 
actually run, shall be indicated by a broken line or appropriate legend. 

45. Names and numbers.—With the exception of numbers on contours and 
names that should be lettered to conform with geographie features, all names, 
numbers, and symbols shall be lettered with their bases normal to the meridian 
and their tops toward the north. The numbers and names first mentioned 
Shall be inked so as to be read when looking north. Names should, by their 
direction and proximity, clearly indicate the objects designated. 

46. Names applying to land shall be in vertical letters, and names applying 
to water, including objects covered at high water, shall be in slanting letters. 

47. All geographie names shall be in black ink, and names solely for surveying 
use shall be in red ink. 

48. New names suggested by the topographer, unless in local use, shall not be 
inked on the sheet. If the locality of any suggested name can not be clearly 
defined in the descriptive report, the name may be placed in pencil within 
brackets on the sheet. 

49. Contours and form lines shall be inked in red. Every fifth line shall be 
made heavier than the others. Numbers in red shall be placed on the ac- 
centuated lines with sufficient frequency, and on other lines when necessary, to 
make the contours or form lines easily interpreted. 'The numbers shall be 
placed on the axis of the lines to which they refer, breaking the lines sufficiently 
to receive the numbers, so as to be read when looking toward the north 

50. Where contours or form lines back of hills and ridges are not located but it 
is desirable to indicate the formation, they may be dotted in red. 

51. Elevations.—All elevations shall be inked in red. Except as specified 
below, the center of the number shall represent the point to which the elevation 
refers. If the number would obscure some topographic feature, it shall be 
placed adjacent to the point in parentheses. Care must be taken to avoid con- 
fusion. When a sharp summit may serve as a landmark, it shall be indicated 
by a dot with the elevation placed preferably to the right, or, if the feature has 
a name, under the name. 

52. Magnetie meridian.—Magnetie meridians shall be inked in red, and the 
lettering pertaining thereto in red. 

53. Revision surveys.—In inking revision surveys executed on bromide copies 
of the original sheet, red ink shall be used for all new and revised work, and 
blue ink for deleting. 

54. For revision surveys on regular plane-table paper the instructions for ink- 
ing an original sheet shall be complied with. The old work to which the new 
or revised work joins shall be put on the sheet but left in pencil. 
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55. Uninked sheet.— When for any reason an üninked sheet is transmitted to 
the office, the greatest care must be exercised by the chief of party that every 
feature, fact, and name is clearly and distinctly shown. It is particularly 
important in such case that small detached rocks along the shore, and other 
features that might be mistaken for accidental markings, should be made clear. 
Such objects should be inked by the topographer. 

56. Titles shall not be inked on original sheets in the field but shall be fur- 
nished on Form 537a and forwarded with the sheet. 'The information must 
include general locality, special locality, names of chief of party and of officers 
makings surveys and inking sheet, date (month and year), scale, plane of 
reference, and contour or form-line interval. 

57. Description of stations.—Descriptions of all permanently marked topo- 
graphie stations and of all objects located in accordance with paragraph 16e 
shall be furnished on Form 524. This form shall be filled out as completely as 
possible, one card being used for each station or object. Seconds in meters must 
be carefully scaled and corrected for any distortion of the sheet. All stations 
located by triangulation must be described on Form 525. 

58. Inspection and approval of sheets.— The chief of party shall inspect and 
:approve each sheet before it is transmitted to the office or to another chief of 
party for completion. When circumstances are such that a departure from this 
rule is unavoidable or when any part of the provisions of the instructions for 
completing sheets are omitted, an explanation shall be forwarded promptly to 
the office. A full explanation of the circumstances must be given in the 
descriptive report accompanying each sheet. 

59. Photographs or tracings of sheets.— When there is reason to believe that 
the method of forwarding a sheet is not safe, the sheet shall be photographed, 
or a tracing of the more important features of the original sheet made, and 
this record retained until the original has been received by the office. Other- 
wise, no tracing of an original sheet need be made in the field.. 

60. Landmarks for charts.—A list of the objects that are of sufficient promi- 
nence to use in water or air navigation, together with the positions and descrip- 
tions of same, must be furnished on Form 567 and mailed under separate cover. 
Form 567 shall be submitted in accordance with the 1934 memorandum entitled 
"Landmarks for Charts." The selection, determination, and description of 
these points is of primary importance. 

61. Coast Pilot information.—All parties engaged in coastal topographie sur- 
veys shall collect Coast Pilot information and furnish notes covering the data 
obtained. For this work the instructions given in the Hydrographic Manual 
shall be followed as far as practicable. This information must be forwarded in 
a separate report. 

62. Photographs.—Photographs should be taken of prominent landfalls, unusual 
topographic features, and interesting methods of surveying. The negatives, as 
well as prints, are to be forwarded if possible. They may be forwarded at any 
time. If prints only are sent with a season's or descriptive report, they shall 
be so arranged and marked or described on the back that they can be filed 
separately from the report. A statement must be made in the body of the 
report relative to the photographs. 

63. A list Shall be sent with the photographs, giving for each the point from 
which the photograph was taken, by whom taken, the date, a brief description, 
identification of prominent features shown, and if possible the bearing and 
distance from the point at which the photograph, was taken to the subject. 
Glossy photographie paper should be used. 

64, Geographie names.—Distinct names of points, islands, shoals, rocks, towns, 
mountains, etc., are necessary to the intelligent use of charts and Coast Pilots, 


TOPOGRAPHIC MANUAL 11 


and the topographer must ascertain the accepted or native names and use such 
names in all possible cases. Attention must be called to ali new names of 
geographie features—that is, names not previously used in the publications of 
the bureau— with a, statement whether the name is in local use, and if not, 
what name is in use, with the reasons which prevented its adoption. 

(a) The origin of each new name shall be stated. Geographic features 
inust not be given the names of living persons, as the rules of the United States 
Geographie Board only permit the retention of such names in rare cases. 

(0) All new names are submitted to the Geographic Board by the office 
before publication, and the decisions and rules of the board in regard to names 
are to be followed in all cases. In the Philippines the decisions of the Philip- 
pine Committee on Geographie Names govern in the same manner. 

(c) Names already in use on charts and maps and in the Coast Pilots shall 
be verified ; if well established and appropriate, they shall be adhered to, even 
though found to differ from the native or original name, especially if the fea- 
ture is of more importance to navigation than it is to the inhabitants and if 
the native name is an awkward or difficult one. 

(d) Dual names for the same object lead to confusion and inconvenience, 
and special care shall be taken to avoid giving a new name to an object already 
named, or changing a name already established. Where two names are in use, 
it must be ascertained which is the more appropriate and the more acceptable 
to the people of the locality, and report made giving the authorities. 

(e) For such objects as require them, and for which acknowledged names 
can not be found, names shall be recommended, selecting as far as practicable 
designations that convey some idea of the form, character, productions, or 
traditions of the place, or some characteristic of its inhabitants; convenience of 
length of word and pronunciation shall also be considered. Common nouns or 
adjectives are to be avoided, as they probably have been applied to some other 
similar feature in the general locality. Report shall be made of names so 
recommended. 

(f) Where the native names ascertained have not an established written 
form, they shall be spelled according to the system of the Geographie Board. 

(g) In the Philippine Islands, in translating from Spanish into English 
nouns which are combined with geographie names, the following system shall 
be followed, except in specific instances where a different usage has already 
been established: 

River, island, bay, point, and gulf are to follow the proper name. 

Mount, port, and cape are to precede the proper name. 

Rio Grande is to be translated simply river, unless these words form the 
specifie name of a stream. 

65. Descriptive reports.—A descriptive report entirely distinct from the sea- 
son's report shall be submitted with each sheet. The descriptive report is for 
the purpose of supplementing original sheets by information not readily shown 
thereon, and which will be useful in the interpretation of the sheets, in the 
compilation of sailing directions, and in chart construction. Preference shall, 
however, be given to showing information on original sheets themselves when 
practicable to do so. It must be written concisely, omitting all unimportant 
detail, and shall be arranged in a systematie manner with each class of infor- 
mation in separate paragraphs under suitable underscored headings. The report 
must not be in the form of a letter, nor be a journal of the work. It need not 
eontain anything about the movements of the party unless of especial interest 
or importance. Writing must not be nearer than 1 inch to the left edge of the 
paper. The heading shall be “ Descriptive report to accompany sheet (insert 
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field letter and title of sheet)." The date of instructions under which the work 
was done must be stated. 

66. Particular attention shall be given to the following subjects: 

a. General description of the coast, following the geographic sequence of the 
published Coast Pilots or Sailing Directions, and including the aspect or appear- 
ance of the coast on making the land; describing prominent objects, as, on a 
bold coast, the headlands, peaks, etc., with their form, color, and height; or, on 
a flat coast, the spires, beacons, etc. Especially describe the landfall and objects 
useful as guides to navigation. 

b. Landmarks. 

€. Character of control used. 

d. Closing errors of the traverses run and how adjusted. 

€. Description of auxiliary surveying methods used; designating portions of 
sheet so surveyed, and indicating the manner of determining the locations of 
off-lying features. 

f. Localities where form lines were verified by offshore observations. 

g. In revision work, a clear explanation of any changes in prominent objects 
and off-lying features previously shown. 

h. Describe any part of the work that is incomplete or unreliable or requires 
further examination, and the reason therefor. 

i. Explain and give reason for methods or procedure deviating from standard 
practice. 

j. Mention of any failure to join properly with former or adjacent work with 
recommendations for adjusting discrepancies. 

k. List of new names—place names which have not hitherto appeared on the 
charts—shall be furnished under two heads: (1) Well-established local names; 
(2) names assigned by field officers. (See par. 64.) 

I. List of plane-table positions. (See par. 67.) 

m. Photographs that will illustrate the apparatus used or add to the knowl- 
edge of the locality, and a statement in the body of the report that such photo- 
graphs have been obtained. 

n. Changes of coast line shall be stated, giving reliable evidence as to reces- 
sion, growth, subsidence, or emergence of shore line. If a resurvey, note any 
important facts regarding changes observed. 

o. Character of marshes and the extent covered by high water. 

67. List of plane-table positions.—' The topographer shall make a list of the 
prominent objects on the sheets that have been determined by the plane table, 
namely, spires, chimneys, cupolas, flagstaffs, trees, etc., and such natural objects 
as sharp, well-defined mountain peaks, rock cliffs, and other objects that might 
be recovered and utilized, and particularly such objects as will be useful in 
hydographic work. The position of the partieular point of each object observed 
upon shall be indicated by scaling the D.M. and D.P. from the sheet in the 
following form, giving the height, if available. 


Plane-table Positions 


Object and description Latitude| D. M. u DAP: Height Remarks 
SE SAS Soaks Meters Feet 
Cupola, Harrison’s house ------- 42 21 356 72 40 508 146 | Top. 
Cupola, Blackwell’s barn--____- 42 22 845 72 39 724 138 | Weather vane. 
Chimney, square house 42 25 632 722837. 395 157 | Top. 
(Smith's). 

North chimney, Rodger'shouse.| 42 26 981 72 38 1, 023 125 Do. 
Episcopal Church spire......... 42 25 63 72 40 875 250 | Top of cross. 
Murray Mountain.-___________.. 42 27 426 72 46 125 3, 256 | The north peak. 
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68. This list shall be attached to the descriptive report. 'The exact position 
of the objects referred to must be distinctly indicated on the sheet. Where 
Space permits, the more important objects, and especially those landmarks 
which should appear on the chart, shall be named on the sheet either close to 
the object or by reference letter and note elsewhere on the sheet. 

69. Progress sketch.—A progress sketch faithfully representing the extent of 
the entire season's work shall be prepared and forwarded at the end of 
each season. Each progress sketch must have a projection with latitude 
and longitude marked. 

70. In order that the office progress charts may be kept closely corrected, a 
progress sketch, showing the topography accomplished, shall be forwarded to 
the office at the end of each month. The information thereon will be trans- 
ferred to a progress chart and the sketch returned to the chief of party for 
use in making further reports. If not otherwise designated, the scale of the 
progress sketch shall correspond to that of the published chart showing the 
entire area outlined for the season's work. 

71. Progress sketches shall be made on tracing vellum, using black ink only. 
They must not be of excessive dimensions, usually not over 18 by 24 inches. 
The scale of the sketch must be stated in the title. They shall be drawn suffi- 
ciently strong to be suitable for blue printing. The area surveyed shall be 
indicated by parallel ruled lines, not closely spaced. 

72. In the Philippine Islands progress sketches of general coast work shall, if 
practicable and if they will come within the above dimensions, be on a Scale 
of 1:100,000 (the scale of the Philippine coast charts). The stamped title form 
is to be used on such sketches, giving the following information; Class of work, 
island, locality, scale, dates, chief of party, vessel. 

73. Damage to property.—Care must be exercised not to damage private 
property. When it is unavoidable, the instructions contained in the regulations 
shall be complied with. 

74. Relations with the public.—'The personnel shall at all times be courteous 
to the publie. They should answer such questions and give information re- 
quested as does not confliet with the regulations. 

75. Permission from the owner or person in charge must be obtained before 
entering private property, military reservations, and lighthouses. 
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Part 2.-INSTRUMENTS AND EQUIPMENT 


The plane table is one of the-best instruments for topographic 
surveying, as with it the map is actually drawn in the field where 
and while the features can be seen and where the amount of detail to 
be mapped and the accuracy required can be judged to best ad- 
vantage. 'The topographer, while in the locality, can compare his 
finished work with the topographic features as they actually appear 
and thus ascertain if his map represents them properly. 

It is often impracticable, if not impossible, to measure with a tape 
or chain along the shore, and hence a stadia traverse is advantageous, 
as with it the observer can read the distance across indentations, past 
vertical cliffs dropping into deep water or breakers, or over a beach 
covered with large bowlders. 'To tape the distances would require 
much labor and many turning points of the instrument. 

The plane table and the instruments used with it are described 
below. Auxiliary instruments that may be used to advantage in 
certain cases are mentioned in the section relating to field work. 

Approximate weights of equipment.—Plane-table movement, 81% 
pounds, boxed, 2414 pounds; plane-table board, 814 pounds, boxed, 
2614 pounds; plane-table alidade, 7 pounds, boxed, 2114 pounds; 
plane-table tripod legs, 11 pounds; 2 stadia rods, 1615 pounds. 


7 PLANE TABLE 

The plane table consists of a drawing board mounted on a tripod 
in such a manner that the board can be leveled and revolved about 
a central axis without disturbing the tripod. 

Drawing board.—The drawing board used by the Coast and Geodetic 
Survey is a well-seasoned board 24 by 31 inches. It is 1 inch thick 
and has rounded edges. It is usually made of several pieces of 
white pine, tongued and grooved together with the grain running 
in different directions, to prevent warping. The lower side has three 
brass plates, in each of which is a threaded hole for receiving the 
screws that hold the board to the tripod head. These holes are 
approximately equidistant. 

Tripod.—The tripod head, constructed so as to permit the moreeni 
of the board as mentioned above, is illustrated in Figure 1. The 
upper view shows the complete head; in the two lower views the 
upper movement has been removed and reversed to show the method 
of construction, 

14 


Special Publication No. 144 


FIG. 1.—PLANE-TABLE TRIPOD HEAD 
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FIG. 2.—PLANE TABLE AND ALIDADE 
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The head is constructed of aluminum, with brass screws. The base 
(a) holds three leveling screws (6) and is shaped for attachment 
of the tripod legs. The plate (c) rests on the ends of the leveling 
screws and is secured to the base by a central bolt. A handwheel 
(d) screwing on the lower end of this bolt is loosened to level the 
board and is then set up to hold the plate firmly against the leveling 
screws. The upper motion (e), cone shaped and having three lugs 
for attachment of the drawing board, rests on the plate and revolves 
on the central shaft (f); it may be clamped to the plate by the 
clamp (g), after which it may be moved by means of the slow- 
motion screw (A). 

The tripod legs are made of strong wood and are widely split and 
braced so as to hold the table firmly. 


ALIDADE 


The principal instrument used with the plane table is called 
an alidade. Its essential parts are a ruler upon which a telescope is 
mounted in such a manner that it may be raised and lowered while 
its line of collimation remains parallel to the edges of the ruler. 

The type of alidade in general use consists of a skeleton metal 
rule, 21 inches long and 315 inches wide, either nickel-plated or 
Bakelite enameled on the underside, from and perpendicular to 
which rises a metal column about 4 inches high. This column is 
surmounted by Y's that receive the transverse axis of the telescope. 
To one end of the axis is firmly attached an arc graduated 30? each 
side of a central 0?, the accompanying vernier being attached to the 
Y support. The arc moves with the telescope as the pointing is 
raised or depressed. A clamp and a tangent screw placed on the 
other side of the telescope, opposite the arc, control its vertical 
movement. A level is attached to the base. 

'The telescope is fitted accurately near its center of gravity within 
a closely fitting slightly conical bearing, to which is solidly attached 
the transverse axis. The telescope revolves within the cylinder 
through an angle of 180°, stops being fitted for that range. This 
affords an easy mode of adjusting the crosslines to the axis of revo- 
lution and for correcting with a striding level the errors of level 
and collimation and revolution of the telescope. 

Upon the tube of the telescope are two shoulders on which rest 
a striding spirit level that, can be readily reversed or removed. 'The 
eyepiece carries the usual reticule with screws for the collimation ad- 
justment. To this is attached a glass diaphragm having one vertical 
and three horizontal lines extending across it. One of the horizontal 
lines crosses the middle of the diaphragm, the other two are placed 
equidistant from it, one above and one below. The upper and lower 
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spaces are each divided into halves by horizontal lines extending 
from one side to the middle. One of these spaces is again divided 
by a short horizontal line so that an intercept of one-half, one-fourth, 
or one-eighth of the space between the upper and lower lines may 
be obtained. 

A plane table and alidade, with board and sheet cut away to show 
the tripod, are illustrated in Figure 2. An improved type of alidade 
with a side level attached to a movable vernier arm and an internally 
focusing telescope has been designed by the instrument division and 
will probably be adopted in the near future. 


ADJUSTMENTS OF ALIDADE 


From the nature of the service in some sections of the country the 
plane table is often necessarily subjected to rough usage, and there 
is a constant liability of a disturbance of the alidade adjustments. 
In careful hands, a well-made instrument may be used under very un- 
favorable conditions for a long time without being perceptibly 
affected, but adjustments at the beginning of field work and occa- 
sional examinations thereafter should always be made. If any dif- 
ficulty be encountered while at work that can not otherwise be 
accounted for, it should lead directly to an examination of the ad- 
justments. 

T'he fiducial edge of the rule.—This should be a true straightedge. 
Place the rule upon a smooth surface and draw a line along the edge, 
marking also the lines at the ends of the rule. Reverse the rule and 
place the opposite ends upon the marked points and again draw the 
line. Ifthe two lines coincide, no adjustment is necessary ; if not, the 
edge must be made true or another instrument obtained. 

There is one deviation from a straight line that, by a very rare 
possibility, the edge of the ruler might assume, and yet not be 
shown by the above test; it is when a part is convex and a part simi- 
larly situated at the other end is concave, in exactly the same degree 
and proportion. In this case, on reversal, a line drawn along the 
fiducial edge would be coincident with the other, though not a true 
right line; this can be tested by a true straightedge. 

The level attached to the base.—Place the instrument in the mid- 
dle of the table and bring the bubble to the center by means of 
the leveling screws of the table; draw lines along the fiducial edges 
and ends of the base upon the board to show its exact position; then 
reverse the alidade, placing the opposite edges and ends along 
the lines. If the bubble remains central, it is in adjustment; if 
not, correct one half by means of the leveling screws of the table 
and the other half by the adjusting screws attached to the level. 
This should be repeated until the bubble keeps its central posi- 
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tion whichever way the alidade may be placed upon the table. This 
presupposes the plane of the board to be true. 

Great care should be exercised in manipulation, lest the table 
be disturbed. 

Parallax. —Point the telescope to the sky, move the eyepiece until 
the cross hairs are perfectly distinct, and then direct the telescope to 
some distant well-defined object. If the contact remains perfect 
when the position of the eye is moved from side to side or up and 
down, there is no parallax, but if it does not, then the focus of the 
object glass must be changed until there is no displacement of the 
contact when the eye is moved. When this is the case, the cross hairs 
are in the common focus of the object and eyepiece. It may occur 
that the true focus of the cross hairs is not obtained at first, in which 
case a readjustment is necessary, in order to see both them and the 
object with equal distinctness and without parallax. 

Vertical line of diaphragm or collimation.—Point the intersection 
of the vertical and the middle horizontal lines of the diaphragm on 
some well-defined distant object; revolve the telescope in its collar 
180? and again observe the object. If the intersection covers it, the 
adjustment is perfect; if not, one-half the error must be corrected by 
moving the diaphragm by means of the adjusting screws and the 
other half with the tangent screw of the table. 'This operation 
should be repeated until the adjustment is perfect. 

Middle horizontal line of diaphragm.—(1) Adjust the striding 
level by reversing it end for end and correcting its error—half the 
difference by its own adjustment, half by the tangent screw of the 
telescope. 

(2) Point the telescope on a target and note the reading or make 
a mark where the wire points when the bubble is in the middle. 

(3) Revolve the telescope in its collar 180° and note the reading 
or mark the place where the wire points when the bubble is in the 
middle. 

(4) The mean of the two pointings is the true level line upon 
which the wire is to be adjusted. To make this adjustment, keep 
the bubble in the middle and by means of the adjusting screws bring 
the middle wire to bisect a point halfway between the two readings 
or marks. The adjustment may be verified by revolving the tele- 
scope as in (3), and if the middle wire again bisects the point, the 
adjustment is perfect. 

Vernier.—To have the vernier read zero on the vertical are when the 
middle horizontal line of telescope is level, adjust the striding level 
and the horizontal line of sight as noted above. Level the table with 
the level on the ruler; level the table more accurately in the direction 
of the line of sight by using the striding level; then, keeping the 
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bubble in the center, adjust the vernier to read zero by means of the 
two screws, working against each other, that hold it in place. 

It is easy to have the adjustments accurate enough to serve for 
running curves of equal elevation, but in determining the heights 
of stations it is best to make the observations complete, with reversals, 
both of level and of telescope, taking the mean of the observations. 
by which the errors of adjustment are eliminated. This, in fact, is 
always done with the theodolite and should be done with the alidade 
when precision is required. 

The following will serve as an example: 


Telescope direct 


o , 

Reading of vernier, level direct with bubble in center_____--_-------- +0 1 

Reading of vernier, level reversed with bubble in center_____-_------ 0 
Mean z -tenna 0 pL MÀ c eem +0 05 

Station readingb 2a SS v Ze a BE ELLE EN +2 17 
Angle of -elevation (difference) cer S 2 16.5 

Telescope inverted 

Reading of vernier, level direct with bubble in center... . 0282 

Reading of vernier, level reversed with bubble in center... .. 0 
Meant te cor orc cm MI MN TT —0 1.5 

Station. e. e vec Lco rM +2 12 
Angle of elevation: (difference) e MEME App TEE 
Menansftw ulum Den Mu ceo MO EINE PN VERSTEHEN, 2 15 ; 


It will be seen, from analyzing these observations, that the level 
was one-half minute out of adjustment, the horizontal wire one and 
one-half minutes, and that revolving the telescope in its collar 180? 
changed its relation to the index on the vernier by 1'. The mean is 
free from all errors of adjustment. 


TELEMETER ROD 


The telemeter or stadia rod is used with the alidade for the meas- 
urement of distances. The rod used by the Coast and Geodetic 
Survey is simply a scale of equal parts painted upon a wooden rod.. 
It is so graduated that each division corresponds to a given unit of 
distance. The number of divisions seen on it between two horizontal 
wires of the telescope, when the rod is held at right angles to the line 
of sight, is equal to the same number of the units of distance from 
the instrument to the rod. 

The standard rod furnished by the office is illustrated at (c) in 
Figure 3. It is about 10 feet long, 314 inches wide, and 1 inch thick.. 
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FIG. 3.—TELEMETER RODS 
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It is hinged in the middle and supported, when open, by an aluminum 
brace. The graduations are painted in black on a white background 
and are so spaced that the section between two principal marks (the 
combination of a rectangle and two triangles) appears between the 
two outside horizontal lines of the diaphragm at a distance of 100: 
meters. 

In some cases, when rod readings at a considerable distance are 
necessary, it may be difficult to read this rod, and some topographers 
prefer a rod with more distinctive markings for special use in such 
cases. A rod that has been used with good results is illustrated at 
(b) in Figure 3. It can be prepared in the field and, under ordinary 
conditions, need not be hinged. 

When a distance is so great that the intercept between the two 
outside lines of the diaphragm is greater than the length of the rod, 
a reading between two intermediate lines may be taken and multi- 
plied by the proper number to obtain the distance. 

In all eases the rod should be graduated for the particular instru- 
ment. In practice the alidade is mounted on a stand, and its center 
is plumbed over one end of a 100-meter base, measured on level ground. 
A line, representing the zero of the graduation, having been drawn 
about 5 inches from one end of the rod, the latter is held vertical 
at the other end of the base, zero mark upward. The observer at 
the alidade then makes the upper horizontal line of the diaphragm 
coincide with the zero mark and directs the rodman by signals where 
to draw a line that coincides with the lower horizontal line. This 
intercepted space on the rod then reads 100 meters and is subdivided 
to read meters, the graduation being continued to within a short 
distance of the bottom. 

This graduation is represented by the equation— 


a- bs (£49 

where d —the distance from the center of instrument to rod (in this 
case 100 meters) ; 

f=the focal length of the telescope (which is 35°™ for the 
average alidade); 

i=the distance between the upper and lower wires of the 
diaphragm (4"®) ; 

s=the length of the intercepted portion of the rod (17.185) ; 

c=the distance from object glass to center of instrument 


2 


As indicated in the preceding equation, the readings of a rod 
graduated in this manner are not quite true for distances above or 
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below 100 meters. The vertices of the constant and similar angles 
(one subtending the chord represented by the intercepted space on 
the rod and the other the chord represented by the space between the 
upper and lower wires) do not lie at the center of the instrument, 
but at a distance beyond the object glass equal to the focal length of 
the telescope; and, therefore, the intercept on the rod will not be 
proportional for all distances from the center of the instrument. 

To obviate this discrepancy, the instrument should be placed at a 
distance back from the end of the base equal to one and one-half 
times the focal length of the telescope (f+c). To all readings of a 
rod graduated according to this last method the constant quantity 
f+c must be added. This correction is small and may be ignored 
for mapping on a scale of 1: 10,000 or smaller. 

The formula for the correction to readings on a rod graduated by 
the first method is— 


K= «f m) 


where A -correction in meters; 
B = distance read on rod in meters; 
B’= length of base, in meters, for which the rod vas graduated. 
The corrections for 50, 200, 300, and 400 meters are +0.262, — 0.525, 
— 1.050, and — 1.575 meters, respectively. 


DECLINATOIRE OR BOX COMPASS 


This instrument, illustrated in Figure 4, accompanies the alidade, 
being carried in the same case. It consists of a rectangular box with 
a graduated arc at each end reading by half degrees to nearly 10° 
each side of*zero. The magnetic needle is approximately 5 inches 
long and supported in the middle by its jeweled cup resting on a 
hardened steel pivot, from which it may be lifted, when not in use, 
by alever. 'The long sides of the box are parallel to a line through 
the zeros of the arc. 

HYPSOGRAPH 


This instrument, illustrated in Figure 5, differs from the ordinary 
form of topographic slide rule used by engineers in three particulars: 
First, it is cireular instead of rectilinear; second, it does not give 
elevations in the same unit as distances, but gives heights in feet 
when the distances are measured in meters; and, third, the arguments 
used for determining the heights are the horizontal distance and 
angle of elevation instead of the inclined distance and angle of 
elevation. 

It will indicate the difference of elevation (uncorrected for curva- 
ture and refraction) for any distances and angles encountered in 
ordinary topographic work, with an error much smaller than the 
probable error of observation of the alidade. 
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The hypsograph is constructed of aluminum and consists of two 
concentric disks CC and DD, the inner one revolving about a spindle 
fixed in the center of the outer one. The outer disk CC has a loga- 
rithmie scale of numbers (circle No. 5) engraved on its beveled upper 
surface. Intermediate graduations, as well as the intermediate ones 
on the other scales to be described, are not shown in Figure 5. 

The inner disk DD has four concentric logarithmic scales engraved 
upon its upper surface, representing the values of the quantities. 
3.2809 X tan mn (3.2809 being the ratio of the meter to the foot, and n 
the vertical angle) for angles from 2’ up to 30°. 

The inner one of the four (No. 1) is graduated for angles from 
2’ to 10’, inclusive; the next (No. 2) from 11’ to 1° 44’, the next 
(No. 4) from 17° to 30°, and the outer circle (No. 8) from 1° 45’ to 
16° 30°. They are placed in this order so as to bring the one most 
frequently used next to the number scale. To the left of the index 
line, on a part of the circle of scale No. 4, is another scale represent- 
ing the logarithmic values of cos? n for reducing rod readings to 
horizontal distance when the rod is held above or below the plane 
of the observer’s instrument. 

Referring to Figure 5, ZZ is a milled head for revolving the inner 
disk; F is a reading arm, its fiducial edge serving as a guide line for 
reading the graduation marks on the outer circle (on CC) corre- 
sponding to a given angle on either of the inner circles; G is a screw 
that holds the two disks together; a spiral spring in the open space 
around the shank of this screw keeps the two disks in contact by its. 
constant pressure. A is a clamping screw that works against a cylin- 
drical lug Z, which in turn presses against the circumference of the 
disk DD and holds it securely clamped. The lug is introduced be- 
tween the screw and disk so that there may be no tendency to rotate 
the disk when the clamp screw is set. 

Directions for use.—7'o find the difference in height, corresponding 
to a given distance in meters and an angle of elevation or depres- 
sion——(a) Unclamp the instrument by loosening the small brass 
screw. 

(6) Turn the inner disk until the index line coincides with the 
given distance, in meters on the outermost circle. 

(c) Clamp the instrument. 

(d) Swing the reading arm around to the right, clockwise, till its 
fiducial edge coincides with the graduation mark of the given angle. 

(e) On the outermost circle, at the fiducial edge of the reading 
arm, read the scale for the numbers composing the integer and 
decimal of the required difference of height in feet. 

To locate the decimal point in the result.—On the reading arm will 
be seen the numbers —1, 0, —2, and —3. These numbers show how 
many figures of the scale reading are to be pointed off for the decimal. 
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Thus, if the index line be set at distance 300 and the given angle is 
3°, the number —1 will be seen on the reading arm over the circle 
on which the 3? is located. This indicates that there will be one 
figure of the scale reading pointed off for the decimal. Hence the 
required difference of height is 51.6 feet. 

Similarly, if the given distance is still 300 meters but the angle 30°, 
the required difference of height is 568 feet. The figure 0 on the 
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Fic. 5.—Hypsograph 


reading arm, over the circle on which 30? is located, indicates that 
the whole number of figures of the scale reading is to be taken for 
the required difference of height. 

In like manner, if the distance is still 300 meters but the angle 20’, 
the difference of height is 5.73 feet, and for 300 meters and 2’ it is 
0.513 foot. 

If, however, the reading arm, in swinging around to the right, 
clockwise, from the index line to the given angle, passes the start- 
ing point, 1, of the outermost scale, the numbers on the reading arm 
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must each be increased by unity, and instead of —1, 0, —2, and — 3, 
they become 0, +1, —1, and —2, and the number of figures in the 
integer is increased accordingly. 

Reduction of rod readings on inclined sights to horizontal plane 
of observer.—Set the index line on the graduation mark on the 
outermost scale corresponding to the reading of the inclined sight, 
and then swing the reading arm to the left, traversing the gradua- 
tion on circle No. 4 marked “ cos ?n,” until its fiducial edge coincides 
with the given angle of inclination. Then, on the outermost circle, 
read the graduation under the edge of the reading arm for the 
required horizontal distance. 

Thus, for an inclined distance of 300 meters and an angle of 20° 
the horizontal distance is 265 meters. 

For distances greater than 1,000 meters a correction for curva- 
ture and refraction must be applied. 


PLANE-TABLE SHEET 


From the standpoint of accuracy the plane-table sheet is the 
least satisfactory item of the plane-table equipment. Owing to its 
hygrometric nature, it is very susceptible to atmospheric changes, 
expanding and contracting unceasingly. 'This would be an insignifi- 
cant source of error or annoyance if it were equal in all directions. 
The map or plan would then simply change its scale, for which an 
allowance could readily be made. But the objectionable feature 
arises from the unequal expansion and contraction which changes 
the relative distance and directions of the points. It has been de- 
termined by experiment that strips cut longitudinally from drawing 
paper varied from 10 to 25 per cent more than strips cut trans- 
versely from the same paper. 

Various substitutes have been tried, but none has proved entirely 
satisfactory. Two sheets of Paragon paper, mounted with the grain 
at right angles and with cloth between them, have been used; but, 
as it can not be rolled, the size of this sheet can not be larger than 
the board. For Coast and Geodetic Survey work a longer sheet is 
much more economical, because a smaller number of points are 
needed to keep the work within the control of the triangulation 
than will be required if the sheet is limited to the size of the table. 
A. certain amount of overlapping work, of which there is more or 
less at the junction of the two sheets, also is avoided. 

The plane-table sheet of the Coast and Geodetic Survey consists 
of a sheet of Whatman's hot-pressed, handmade antiquarian paper, 
53 by 81 inches. It is backed with muslin, which extends about 1 
inch beyond the edge of the paper to protect it from fraying. 


Seasoning.— To reduce distortion to a minimum, the sheets should 
be thoroughly seasoned by exposing them alternately to a very damp 
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and a very dry atmosphere before the projections are constructed. 
Care must be exercised not to warp the surface by too severe a 
seasoning. On testing a sheet after a week of such exposure it will 
be found to have much less tendency to expand or contract unequally. 

Celluloid sheets.—In localities of excessive rainfall, celluloid sheets 
are sometimes used to carry on work in light rains when it would be 
impracticable to use a paper sheet. Such a sheet should be about 
the size of the drawing board and should have one surface roughened 
to hold pencil marks. The topographic details drawn on this sheet 
should be transferred to the regular sheet at the end of each day. 

Some European countries have used a paper made impervious to 
water by the application of a solution of celluloid. 

The preparation and care of sheets are discussed in a later section 
of this volume. 


LIST OF EQUIPMENT 


A list of instruments and equipment usually required for topo- 
graphic surveying operations is given below. Equipment required 
for transportation, camping, or medical use is not included, because 
it varies considerably, depending on the conditions under which the 
work is done. 


Plane-table sheet on which the topography is to be delineated. 

Plane-table tripod legs. 

Plane-table head with screws to hold board. 

Plane-table board. 

Alidade. 

Two stadia rods. 

Clamps for holding the paper on the board ; 2 long-side clamps, 4 medium- 
sized end clamps, and at least 6 small clamps. 

8. Metal (usually galvanized iron) tube for carrying sheet.— This tube must 
have a diameter of at least 315 inches, so that it will not be necessary to roll 
the sheet so tightly as to injure its surface. Tubes furnished by the bureau 
are 36 inches long and have a diameter of 41% inches. The tube should have 
a close-fitting cap, and should be covered with canvas as an insulation against 
heat. It should be provided with a carrying strap with one end attached to 
the cap and passing through a loop near the cap so that it will tend to hold 
the eap in place. 

9. One-quarter meter scale, with a 1: 10,000 scale on one side and a 1: 20,000 
scale on the other. 

10. Hypsograph. 

11. Rubber sheet, about 30 by 36 inches——This rubber should be white and 
of good quality. Rubber sheeting obtainable in drug stores is good. Short 
lengths of tape, one sewed to each corner, are convenient for securing the sheet- 
ing in place and preventing it from being lifted by the wind. 

12. White cloth about 30 by 54 inches, to be kept rolled up with plane-table 
Sheet to prevent back of sheet soiling its face and to cover the sheet while on 
the table and not being used. 

13. Two small pieces of cloth, to be held under the hands while working on 
the sheet in hot weather, ; 
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14. One pair spring dividers (dividers with a slow-motion Screw). 

15. Pair of binoculars. 

16. Large plane-table umbrella. 

17. Emery-paper pad for sharpening pencils. 

18. Two each 4H and 5H (or 6H) pencils. 

19. Soft eraser— Ruby " 112 is excellent. Cut off a small piece to put over 
divider points. 

20. A few yards of white cloth for marking “ set-up " points. 

21. Black and white flags with which to signal rodmen. 

22. Thirty-meter steel tape. 

23. Hammer, nails, station marks, and signal material if any signals are to 
be erected. 

24. Small box or pocket holder for pencils, dividers, emery-vaper pad, etc. 

25. Knife for sharpening pencils. 

26. Bolos or machetes for cutting brush. 

27. Notebook, such as “sketchbook” which is furnished by. the bureau in 
which to make notes for descriptive reports, etc. 

28. Prismatic compass (only when necessary for an auxiliary survey). 

29. Padded cover for tripod head.—At the close of the day's work a padded 
canvas cover should be put over the tripod head, which is not removed from 
the tripod legs. This is to protect the various screws and parts of the head 
from injury. 

30. Canvas cover for plane-table board.—A canvas cover with shoulder carry- 
ing straps should be provided for the board. The board is carried separately 
from the tripod to and from work, especially if it is necessary to go through 
brush or wood. 'The board is too large to be carried under the arm and affords 
no grasp for the hand. The cover affords an easy method of carrying it on a 
person's back and also protects the face of the board from scratches and dents. 

31. Small pencil compass for drawing circles around the positions of objects 
that are to be used for signals.—This will be found an aid to neatness and a 
help in retaining the exact point denoting a signal which is often lost or con- 
fused with the rough circles marking set-ups. An improvised compass may be 
made by driving a needle into the end of a round stick about the size of a 
pencil. Cut the stick off so that !4 inch of the needle point projects beyond 
the end. Hollow out one side of the needle-point end of the stick and insert a 
piece of 4H lead, chisel pointed on one side, as in a pencil compass. Let the 
needle project slightly farther than the lead point. The deeper the hollow is 
made, the nearer the lead will be to the needle, and hence the smaller the 
circle that will be made. Wrap thread around the stick and lead to hold the 
lead in place. 

32. Manual containing tables for correction of inclined sights, etc. 


EMERGENCY REPAIRS 


It is sometimes possible for the topographer to make temporary 
repairs to instruments broken in the field, so as to continue the survey 
until replacements can be secured. New instruments should be se- 
cured and the broken ones sent to the office of the bureau promptly. 
The Regulations of the Coast and Geodetie Survey give the condi- 
tions for having repairs made locally. 

Broken cross hairs.—If the cross hairs or the diaphragm on which 
the cross-hair lines are etched become broken, and there is no spare 
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diaphragm on hand, secure a spider that will spin a fine web and 
cause it to drop off some object and suspend by its web. Open a pair 
of dividers about 34 inch and wind the web onto them, keeping each 
strand separate. Open the dividers slightly, thus stretching the 
spider-web threads. 'The threads can now be laid across the cross- 
hair ring and fastened with shellac or with tree gum or flour-and- 
water paste, if no shellac is available, at the approximate correct 
distances apart. Replace the ring in the alidade and test the spac- 
ing of the spider webs by sighting on the stadia rod over a measured 
distance. Change the position of the threads, or put in new ones, in 
accordance with the required correction. The distance between them 
must be tested frequently thereafter, as they are very apt to become 
disarranged. 

The installing of spider-web eross hairs, however, is very tedious 
and usually unsatisfactory. It should be resorted to only when abso- 
lutely necessary. 

Bent rule of the alidade.—If the rule of the alidade becomes bent, it 
must be straightened with care. After straightening, check the 
edge by drawing a line on the sheet with it and then lay it along 
the line with the instrument reversed. Small dents can sometimes 
be removed by drawing the rule back and forth over the edge of a 
board. 

Broken standard of the alidade.— The standard connecting the rule 
to the telescope, if broken, can sometimes be repaired by inserting a 
tightly fitting stick in the hollow arm and binding splints securely 
around the outside. It is not necessary to have the axis of collima- 
tion of the telescope parallel with the edge of the rule so long as the 
angle of divergence remains constant and the magnetic meridian is 
not used for orienting. To use the declinatoire after repairing the 
alidade, a new so-called magnetic meridian must first be obtained 
when the table has been oriented with the repaired instrument. 

Broken divider points.— Occasionally the dividers are dropped on a 
rock and one or both points broken. Find a sandstone and grind 
new points, finishing with the emery paper carried for sharpening 
pencils. 

Broken central ball and socket.—Care must be exercised in leveling 
to keep the central clamping screw of the plane-table head loose; 
otherwise there is danger of breaking the ball-and-socket joint when 
screwing up the leveling screws. lf the shell breaks, the instru- 
ment might be put in condition for use by placing on the screw a 
wooden or iron washer that can not come through the broken por- 
tion of the plate. 
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Part 3.—FIELD WORK 


PRELIMINARY OPERATIONS 


The usual operations preliminary to a topographic survey are (a) 
the organization of the party or the selection of the members of 
the topographic unit from the personnel of a party engaged in 
combined operations; (5) the establishment of control; (c) signal 
building; (d) the preparation of plane-table sheets; and (e) the 
testing of plane-table equipment. 


ORGANIZATION OF PARTY 


A topographic party usually consists of the topographer, two rod- 
men, and a table man, besides the necessary personnel for boats or 
other transportation used and for camp maintenance, if the party is. 
to work from a camp. 

The rodmen should be alert mentally as well as physically, and 
have a knowledge of what the topographer is trying to accomplish. 
Much of the efficiency of the party depends upon the rodmen 
selecting suitable stations for setting up the table and using good 
judgment in giving readings at the proper intermediate points. If 
they are able to draw a rapid sketch of their surroundings at and be- 
tween rod readings, the topographer can often save considerable 
time by not having to visit the points personally to obtain the posi- 
tion of a small stream, an off-lying rock, an opening to a trail, small 
indentations of shore line, houses, etc. 

Two rodmen are needed, one to go ahead of the table and the 
other to follow or give readings to near-by features. 

The plane-table man keeps the table shaded with a large beach- 
type umbrella to avoid the sun distorting the paper and to protect 
the topographer's eyes from the glare that the white paper would 
otherwise cause. He keeps the pencils sharp, watches the rodmen 
to inform the topographer when one is ready to give a reading, 
signals the rodmen, and assists in carrying the gear between set-ups.. 


CONTROL 


A topographic survey must have both horizontal and vertical con- 
trol This control consists of the accurately determined location and 
elevation of a certain number of points so that their relative posi- 
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tions can be plotted on the topographic sheet. These control points 
form the foundation or framework about which the topographic fea- 
tures are mapped and to which errors are adjusted. 

Horizontal control.—The requirements for horizontal control are 
given in paragraph 8, part 1, and are the same both for topographic 
and hydrographie surveys. It will be noted that an exact distance 
between control stations is not'specified. It is desirable that stations 
be located at commanding sites, such as on points, prominent eléva- 
tions along the coast, etc., and approximate distances are given in 
order that the surveyor may have reasonable latitude in adapting his 
‚control to the configuration of the coast. 

The establishment of horizontal control involves the recovery of 
stations previously established and the location of a sufficient number 
of additional stations to meet the requirements for control. A more 
economical and satisfactory topographic survey will be obtained if 
the control is established first, and this should always be done if 
practicable (see pars. 9 to 11, pt. 1). 

Stations may be located by triangulation or traverse. Triangula- 
tion is the better method, as it gives the location of points over an 
area rather than along a single line. "Traverse is usually confined to 
regions where triangulation would be unduly expensive, if not im- 
possible, or where steep slopes along the shore or on the sides of 
ravines prevent the location of triangulation stations at points where 
they can be seen or used by the topographer. Plane-table graphic 
triangulation may be used for the location of intermediate stations. 

Vertical control Vertical control may be established by level lines 
or by vertical angles measured with a theodolite. A datum plane 
must be determined from which all elevations are measured or 
computed. As the topographic work of the Coast and Geodetic Sur- 
vey is mainly along the shore line and the datum plane used is mean 
high water, level lines are seldom necessary. The elevation of the 
plane table above this datum plane can be determined at nearly any 
time by direct observation of the water’s surface. 


SIGNALS 


Control stations that are not marked by natural or artificial objects 
existing over them must be made conspicuous by erecting signal 
structures. New triangulation stations and old stations from which 
the former are located will have signals built for triangulation pur- 
poses in accordance with instructions contained in the Manual of 
Second-order Triangulation and Traverse. Such signals are alsc 
suitable for use in topographic work. 

The construction of a control-station signal for topographic use 
alone is very simple. All that is required is a vertical pole centered 
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over the station mark, supported by a tripod, guy wires, or other 
means, and made more conspicuous by a flag, crossed banners, or 
cloth targets. In general, however, the signals used by the triangu- 
lator and topographer will also be required for hydrographie work 
and must be made more conspicuous than would otherwise be neces- 
sary, as they must be seen, often for a considerable distance, with the 
naked eye or through the low-powered telescope of a sextant. 

The topographer who is required to build signals for triangulation 
should consult the manual mentioned above and follow carefully the 
directions contained therein. Special attention should be given to 
the marking of such stations, in order that they may be recovered 
without undue expense at a later date. The methods of marking 
stations described in the Triangulation Manual will also suggest the 
precautions to be taken in marking topographic stations, in accord- 
ance with paragraph 29, part 1, to insure their permanence. 

When building signals for hydrographic use, the Hydrographie 
Manual should be consulted, and the topographer should familiar- 
ize himself thoroughly with conditions such as the distance and 
directions from which the signals must be seen, the veriod for which 
they will be needed, etc. 

For topographic use only, very few signals except those at con- 
trol stations are required. They can be built to suit the purpose 
required and usually consist of flags, simple banners, or whitewash 
placed on rocks, logs, trees, etc. Natural objects are used where- 
ever possible. 

Important signals to be located by the topographic party should 
be built in advance of the survey, if practicable, so that the top- 
ographer may draw cuts (direction lines) to them from other points 
and possibly locate them by intersecting cuts from control stations. 

The small signals at short intervals along the coast, not required 
for topographie work but erected and located by the topographer as 
his work progresses, for use in extending hydrographie work close 
inshore. will be discussed in a subsequent section. 


PREPARATION AND CARE OF SHEETS 


Arrangement of sheets—The base for a sheet plan should be the 
most suitable map available upon which are plotted the points, deter- 
mined by triangulation or other methods, to be used for the control 
of the topographie survey. A nautical chart or other existing map 
is preferable; if these are lacking, it is necessary to use a reconnais- 
sance sketch. Factors affecting the selection of a base map are accu- 
racy, scale, extent, and amount of detail shown. In the rare case 
where the topographie work precedes the control survey, the pro- 
posed control scheme should be plotted on the map. 
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The layout of topographic sheets on the base map depends upon 
several important considerations. For inland surveys, it may be 
taken as a rule that the intervisibility of the points extends across 
valleys, from summit to summit, or across rivers, bays, and other 
bodies of water. Generally, for such work, the line of greatest de- 
pression of the valley (thalweg) should follow as nearly as prac- 
ticable the middle of the sheet; regard being had for any abrupt 
change of direction or importance of lateral features; or, in other 
words, the areas to be surveyed should be divided as far as possible 
into water basins, extending from divide to divide, and not center 
upon a ridge forming portions of two basins. The reason for this 
is that from either slope of the basin points are visible on the opposite 
summits which will be common to the sheets which include the adjoin- 
ing valleys, while from the middle of the valley points will be visible 
on both summits. 

For coastal surveys the sheets are laid out to cover all of the shore 
line and the area back from the coast that is to be mapped or in which 
there are features of value for navigation that are to be located by 
the topographie survey. In the arrangement of individual sheets, 
essential requirements are that each must include within its limits 
the stations required for control and must have a sufficient overlap 
with adjoining sheets to provide a good check on the juncture of con- 
tours and topographic features. It is also desirable, but not abso- 
lutely essential, to have, on or near each edge of a sheet where another 
sheet 1s joined, a station common to both sheets. 

It is desirable to cover an area with as few sheets as possible, but 
this object should not be attained at the sacrifice of suitable overlap 
of adjoining sheets or of important control When there are off- 
lying stations, on islands or on an opposite shore, an arrangement of 
sheets to include such stations deserves careful consideration. Fre- 
quently the increased accuracy and progress that will result from 
having such a station available for check sights will warrant its 
inclusion, even at the sacrifice of some space on the sheet (see p. 55). 

In laying out sheets it will be of material assistance to provide, 
on a piece of tracing vellum or paper, a plan of the sheet correspond- 
ing in size to the scale of the base map. By placing the pattern over 
the map and shifting its position about over the locality to be sur- 
veyed, the limits that include the most favorable conditions will soon 
become apparent. The size of the pattern may be obtained from the 
relation between the scale of the sheet and that of the map. For 
example, assume that a standard-size sheet and a scale of 1:10,000 
are to be used and that the scale of the map is 1:100,000. The dimen- 
sions of the sheet are 31 by 53 inches, and the size of the pattern will 
be one-tenth, or 3.1 by 5.3 inches. 
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The distances in nautical and statute miles that will be included, 
for various scales, on a standard-size sheet are given in the following 
table. Another method of constructing a sheet pattern is to ascertain 
the width and length of the sheet in miles from this table and to lay 
off the proper dimensions from the mile scale of the base map. 


Nautical miles Statute miles 

Scale 
Width Length Width Length 
1/5, 000 2. 06 3. 56 2. 87 4. 10 
1/10, 000 4. 11 T dU 4. 74 8. 21 
1/20, 000 8.22 14. 25 9. 47 16. 41 
1/40, 000 16. 45 28251 18. 94 32. 83 
1/100, 000 41. 12 qs vm 47. 35 82. 07 


Projections.—' The polyconic projection is used by the Coast and 
Geodetic Survey for its surveying operations, as there is less dis- 
tortion than with any other projection. For the comparatively small 
area covered by a topographic sheet, the angles and distances between 
plotted positions agree with those measured over the ground so closely 
that the area can be mapped with an accuracy such that no departure 
from true scale can be detected. Projection tables and directions 
for constructing projections will be found in Tables for a Polyconie 
Projection of Maps, Coast and Geodetic Survey Special Publication 
No. 5. 

Too much emphasis can not be put on the care and accuracy with 
which projections should be made. The beam-compass points should 
be sharp, and the marks pricked in the paper as lightly as visibility 
will permit. ‘The pencil lines should be fine and light. To avoid 
shrinking or expanding of the paper during the laying down of the 
projection, the drafting should be done as rapidly as possible and the 
paper should be shaded from the sun. 

'The projection lines should not be inked until after the field work 
on the sheet is completed (see par. 35, pt. 1, and p. 92). 

Plotting control stations.—F' or plotting control stations, the drafts- 
man is supplied with a list of geographie positions giving the dis- 
tances and azimuths between stations, their latitudes and longitudes, 
and the equivalents in meters of the seconds of latitude and longitude 
according to which the points are plotted on the sheet by measuring 
from the corresponding minutes. Thus, if the position of a station 
is given as latitude 54° 44’ 34.' 189 N., 1,057.2 meters, longitude 
130° 56’ 42.362 W., 756.5 meters, it means that it is 1,057.2 meters 
north of the 44-minute parallel and 756.5 meters west of the 56-minute 
meridian. 
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The accuracy of the plotting may be tested by a measurement of 
the respective distances between the points with a beam compass, 
but this must not be considered a substitute for the verification of 
the projection and plotted stations, as required in paragraph 7, part 1, 
which must be done by a person other than the one who constructs 
the projection and plots the stations. 

When stations are plotted some time after the construction of 
the projection, they should be plotted from four directions—that is, 
from the parallels and meridians on each side of them—thus, in the 
example given, from parallels 44^ and 45’ and meridians 56’ and 57’. 
In this way, if the sheet has become distorted so that the distance 
between the meridians and parallels no longer corresponds to that 
given in the projection tables, the error is distributed in proportion 
to the distances of the station from the projection lines. 

It is sometimes necessary to base topographic work on a detached 
scheme of triangulation, executed before the observations to estab- 
lish the proper datum have been made. Having measured a base, 
one of the two methods described below may be used: 

(a) Construct a temporary projection on the sheet. From the 
best information available, assume the azimuth of the base line and 
the latitude and longitude of one end of the base. Using the as- 
sumed data, compute the positions of the stations and plot them on 
the temporary projection. 

(b) Plot from rectangular axes. Starting from one angle of a 
triangle, preferably the most northerly (or southerly) and easterly 
(or westerly) corner of the triangulation, compute by means of 
traverse tables or log functions the latitude and departure of each 
triangulation station with reference to the initial station, as in tra- 
verse computation. Construct on the sheet rectangular axes that 
will best fit the triangulation net and convert the latitudes and de- 


partures to coordinates of these axes. This method requires less 
work than the one described under (a) and is sufficiently accurate 


for surveys of small extent. 

In either case, if the work is done carefully, a regular projection 
can be constructed on the sheet after the proper datum has been 
established. 

If it is necessary for some special purpose to start topographie 
work before projecton data are available or a traverse can be com- 
puted, plotting by distances is the only method available, and great 
care, of course, is necessary. 

Transferring data mapped by rectangular coordinates.— When en- 
gaged in localities where copies of surveys by local authorities or 
United States engineers may be obtained, information shown by 
those surveys may be of assistance to the topographer. In revision 
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work especially, duplication of effort may be avoided by the transfer 
of data from such surveys. As most of these surveys are on systems 
of rectangular coordinates, it is necessary to transfer the lines of 
these coordinates in the area to the polyconic projection on the topo- 
graphic sheet in order to plot the features desired. As a rule, the 
distances of the coordinates from the zero of the system are given as 
well as the geographic position of the zero point. 

The relation between plane rectangular coordinates and geographic 
positions is discussed in Coast and Geodetic Survey Special Publica- 
tion No. 71. Tables for the transfer of coordinates are furnished in 
this publication. For any work that might be necessary in the field, 
a simpler reduction may be used with sufficient accuracy, as illus- 
trated by the following examples: 

Example No. 1.—Find the geographie position of a point 40,000 feet south and 
160,000 feet east of a point whose geographic coordinates are latitude 46° 16’ 
1,073 m., longitude 124? 03' 99 m. 


Latitude—south coordinates 


Longitude—east coordinates 


Meters Meters: 
40,000 feet_____------ =12, 192 | 160,000 feet________ —48, 768 
1, 073 99 
South orm == ese AGO NG =11 119] East of ose ee 124° 03’ 48, 669 
Bromutables ss. === —7'=12, 968 — 30’ —38, 616 
Latitude: 10, 053 
Uneorrected_.___ 46° 09’ — 1,849 —5’= 6, 436 
= 1 
Curvature______ 93 3, 617 
Latitude le =--> 46°09’ 1,656 —93'— 3, 862 
Longitude........- 123? 25' 245 
Curvature correction: 
48,768? 


= 2 = 
exe 4.882 X 8.1=193 m. 


Explanation.—The distances in feet of the point on the north-and-south and 
east-and-west coordinates are converted to meters and to this is applied the 
number of meters from the given minutes of latitude and longitude to obtain 
the distance in meters of the point from the even minutes of latitude and longi- 
tude near the geographic position. The value in meters of 7 minutes (obtained 
from the polyconie projection table) is subtracted to get the latitude of the 
point sought uncorrected for curvature. The correction for curvature (always 
subtractive) is obtained by multiplying the factor from the table below by the 
square of the distance (in meters, on the east-west coordinate) divided by 10,000. 

A similar reduction in meters is applied to the base longitude 124° 03.* 

Example No. 2.—Find the geographic position of a point 30,000 feet north 
and 155,000 feet west of a point whose geographic coordinates are latitude 38° 
20’ 426 m., longitude 75° 10’ 315 m. 


1 Use in taking out longitude values. 
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Latitude— north coordinates Longitude—west coordinates 
Meters Meters 
30,000 feet-3- = =— <= === —9, 144 | 155,000 feet_____----- =47, 244 
426 : 315 
Northrofiees me 38220 530 570m E Wests Ole = eee 75° 10' — 47, 559 
+5’=9, 250 +30’=43, 668 
Latitude: ` 3, 891 
Uncorrected...... 383725. 320 +2’= 2,911 
tr E Op auc p issue eres 75° 42! 980 
Eatitude 1222. eme OS 184 
Curvature correction: 
2 
(in ) x6.1=4.722%X6.1=136 m. 
Table of curvature for X=10,000 meters 
| 
an Y in meters an Y in meters Y in meters Bus Y in meters 
Pie BEE. VER 4 9 | 39r 6530 | 46a 8.1 
Qo aad SSSI SR E on Ee mum O Gal mA am 8.4 
risen d Ale Q) Eod e E Hard ee Gx Sapete 8. 7 
Ds Bi AMD redegi E Gy ty DR 73031140908 9. 0 
DOM dcl ALI || Pee us ct Dou A 123 
JUAN Aa 5A Epa 7120 
ay ner 4-039 e QUIS Ans 7.8 


NorE.—As the curvature corrections in the above table are given only to the nearest 
un to 200,000 Test cust or west OM tho origina. te eror ia es abut s Re 
plotting on a scale of 1:10,000 or smaller. 

Care of sheet.— Constant care must be exercised to keep the sheet 
clean. A cloth large enough to cover the whole sheet should be 
rolled up with the sheet to keep the back, which is usually soiled, 
from rubbing the face. When the sheet is on the table the cloth 
should be folded back to expose only that portion on which work 
is being done. Cloths should be kept under the hands to avoid 
perspiration coloring the sheet. The bottom of the alidade must be 
cleaned frequently and rubbed over the sheet as little as possible. 

A. white rubber cloth should be kept handy at all times to protect 
the sheet from sudden showers. This will often obviate the necessity 
for removing the sheet for a light shower and then replacing and 
reorienting. Oilcloth is not as good as rubber sheeting, as it cracks 
too easily when folded. The rubber or oilcloth cover should be rolled 
on a round stick when not in use. 


If the sheet should become wet, it must be dried slowly, preferably 
lying flat and weighted down to prevent warping of the paper. 


1 Use in taking out longitude values. 
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When carried on the board, the sheet must be covered with the 
cloth mentioned above to keep it clean and to afford some shade 
from the direct rays of the sun, which would cause excessive distor- 
ton. When the sheet is off the board, it should always be carried 
in the metal tube. 


Spare sheets should be stored flat or hung up where they will not 
be subject to excessive heat, moisture, or dryness. 


TESTING PLANE-TABLE EQUIPMENT 


Adjustments to the alidade, to be made before use and at frequent 
intervals during the season in accordance with paragraph 13 of 
the general requirements, have been described previously. The first 
adjustments during the season may be made at the initial set-up of 
the topographic survey, but, as they may take some time, especially 
if the instrument is badly out of adjustment, it is often desirable 
to make a thorough adjustment before taking to the field for top- 
ographic work. If this is done, only a brief examination of the in- 
strument and possibly a few minor adjustments will usually be re- 
quired at the initial set-up. 

Tests of the telemeter rods are usually made at some convenient 
time before leaving for the field, as they require suitable testing 
grounds and may disclose conditions requiring corrections that can 
not be made conveniently in the field. To test the rods, measure 
off with a steel tape 100, 200, 300, and 400 meters along a flat, level 
piece of ground. Set the table over the end stake and place the 
alidade on the board directly over this stake. Have the rodman 
hold his rod over the 100-meter stake and caution him to hold the 
rod vertical (see p. 53). Read the rod and note the error, if any. 
Repeat on the 200, 300 and 400 meter stakes. If errors are large 
enough to be considered and it is not practicable to recalibrate the 
rods, determine the error for readings of 100, 200, 300 meters, etc., 
by measuring the distances to the points where these readings are 
obtained. "The corrections to be applied to the various rod readings 
will thus be obtained. 

Both the upper and lower one-half, one-quarter, and one-eighth 
interval horizontal lines should be checked on the 200, 300, and 
400 meter pegs, as they may not be equally spaced. If this is 
found to be the case, the intervals that are more nearly correct 
should be used in reading distances. All corrections should be re- 
corded and applied to subsequent readings taken during the progress 
of the survey. In calibrating the rods care must be taken to avoid 
ground refraction errors (see par. 14, pt. 1, and p. 55). 

'The bottom of the alidade ruler becomes dirty very quickly from 
tarnishing of the metal and rubbing over pencil marks and should 
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be cleaned thoroughly before starting each day's work and as well 
as practicable at each set-up. 

Unless a magnetic station is convenient to headquarters the error 
of the declinatoire is usually determined during the course of field 
work. 'The method used is explained on page 42. 


TOPOGRAPHIC SURVEYING 


Having completed the necessary preliminary work, the topog- 
rapher is ready to begin surveying operations. The party proceeds 
to the point selected for starting work and sets up the plane table. 
Conditions governing the selection of a starting point are discussed 
below in the sections relating to the location and orientation of the 
plane table. 


Placing the sheet on the board—Having assembled the tripod and 
attached the board securely to the tripod head, placing the sheet on 
the board is usually the next operation. It must be attached smoothly 
and firmly so that it will not be disturbed in its position by the fric- 
tion of the alidade nor by ordinary winds. The long side of the 
board is equal to the width of the sheet. Therefore, the sheet is 
put on so that its edges are even with the edges of the short side of 
the board, and the excess length is rolled up, turned underneath the 
sides of the table, and fastened with a metal spring clamp, biting 
from the top of the sheet on the table to the inside of the roll beneath. 
One clamp at each end of the roll serves to hold the roll ends securely. 

The sides of the sheet are sometimes held to the table by similar 
but shorter clamps, but it is preferable to use the long side clamps, 
as they pretent the wind from getting under the edges of the sheet 
and disturbing its adjustment or interfering with the free movement 
of the alidade. If, however, it is necessary for the alidade to extend 
over the edge of the sheet, the short clamps should be used and 
moved, if necessary, so that the alidade may lie between them and 
not be lifted off the paper by the long clamps. (See fig. 2.) 

One end of the cloth used for covering the sheet can be rolled up 
with one end of the sheet and the other left free to turn back and 
expose the portion of the sheet on which the immediate work is to 
be done. 

When carrying the table with the sheet on it, care should be taken 
not to crush the rolled-up portion of the sheet. 

Setting up plane table.—To set up the plane table for surveying pur- 
poses loosen the tripod-leg screws and grasp one leg of the tripod in 
each hand. Push the third leg out with the knee and rest the table 
on this leg. Spread the other two legs and draw them away from 
the third leg until the table is at the correct height. In this operation 
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the board should be kept approximately level by sighting across its 
top at the horizon or estimated horizon. 

The height of the table should be such that the topographer can 
observe through the telescope or sketch on the sheet without stretch- 
ing or bending the body uncomfortably. A low table is very tiring 
to the surveyor. 

If it is desired to plumb a plotted position on the sheet over the 
corresponding point on the ground, the table should be oriented 
approximately by eye and moved and reoriented as required while the 
plumbing is tested by dropping a small stone from the underside of 
the board directly under the plotted point, or by sighting the plotted 
position and point on the ground, along a plumb line held at arm's 
length, from two positions about 90? apart. Plumbing arms are 
supplied by instrument dealers but are not required for the scales on. 
which the work of the Coast and Geodetic Survey is usually done. 

When the table is in the proper position, the legs should be pressed 
firmly into the ground. If the set-up site is rocky, care should be 
taken that the metal tripod shoes are tight and that they rest in 
niches so that they will not slip. In some cases it may be necessary 
to chisel small niches in the rock. Finally, the tripod-leg screws 
must be tightened so that the table will be firm. 

To take up the plane table the above operations are reversed. The 
tripod-leg screws are loosened, two of the legs are grasped, and the 
table 1s supported on the third leg until the two or all three legs are 
together. In carrying the table between set-ups, some table men 
rest the tripod on one shoulder while others prefer to spread one 
tripod leg and carry the table astride the neck. For short distances 
where the footing is poor, as when placing the table in a boat for 
transportation to the next set-up, the table should be carried in such 
a manner that it will not fall violently if the table man slips. 

Leveling the plane table.—Háaving the table approximately level as 
indicated above, loosen the horizontal motion clamp and the central 
handwheel under the tripod head. Place the alidade on the board 
so that the fiducial edge of the base is parallel to two of the leveling 
screws. Turn these screws simultaneously (both inward or both out- 
ward) until the bubble of the level on the base is in line with the 
center of the level and the third leveling screw. Turn the latter to 
bring the bubble to the center of the level. 

Difficulty in turning the leveling screws is an indication that the 
board has been raised to such an extent as to take up the slack of 
the central bolt, and the handwheel must be loosened again to avoid 
danger of breaking the plate. After the table is level, the hand- 
wheel is tightened. The topographer should then note whether or 
not his movements about the table, and especially near the tripod 
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legs, cause a movement of the level bubble. If the bubble is affected, 
either the table should be set up more firmly or care taken not to 
disturb its adjustment. 


LOCATING AND ORIENTING THE PLANE TABLE 


In using the plane table for the execution of a controlled topo- 
graphic survey, two things are essential. First, the location of the 
table must be known so that its position may be plotted on the sheet, 
and, second, the sheet must be properly oriented at all times; that is, 
the board with sheet thereon must be adjusted and clamped so that 
the prolongation of a line drawn through the plotted point represent- 
ing the position of the table and the plotted position of any other 
object will pass through that object. Various agencies tend to disturb 
the orientation of the sheet. Its adjustment should therefore be 
carefully made and should be checked from time to time during the 
work at the station and after completion of work. 

The simplest method of accomplishing the above is to set up the 
table at a control station from which a second station is visible, both 
stations being plotted on the sheet. This method of orientation is 
illustrated in Figure 7, in which A, B, and C are three control 
stations and a, 6, and ¢ are the corresponding plotted positions of 
these stations on the sheet. 

The procedure is as follows: Set up and level table over station A. 
Unclamp the plane-table movement and place the alidade on the sheet 
so that the fiducial edge of the base passes through the plotted points 
a and b and the telescope points toward b. Rotate the board until 
station B is seen through the telescope, clamp the movement, and then 
move the board by means of the tangent screw until the signal or 
other object at station B is bisected by the vertical line of the 
telescope. 

The table is now oriented provided that the points have been plot- 
ted correctly on the sheet and that the proper objects have been 
sighted. If a third station (C) is available, the orientation may be 
checked by placing the edge of the alidade base on the points æ and c 
and sighting on C. If the latter is bisected by the vertical line of the 
telescope, the orientation is verified. Failure to bisect C indicates 
an error in plotting the positions or in identifying the stations, which 
must be corrected, or an unequal change in the dimensions of the 
paper (distortion), for which allowance must be made as explained 
on page 65. 


?'The term “ controlled topographie survey " is used to denote a survey based on a sys- 
tem of triangulation or traverse stations so that the position, on the earth’s surface, of 
each feature that is mapped on the sheet is shown by its relation to the projection lines 
of the sheet. In an uncontrolled survey, discussed in a.subsequent section, the relative 
positions of the various features, but not their geographic positions, are determined. 
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In orienting the plane table it is very important that the two 
stations be a sufficient distance apart to insure the accuracy of this 
operation. A distant station on which an accurate pointing can be 
made should be selected and the distance on the sheet between the 
plotted positions of the two stations should preferably be over 6 
inches. It will be convenient if the distance is not greater than the 
length of the alidade base; but this is unimportant, as a line between 
the two positions can be laid off with a straightedge. In the rare 
case where it is necessary to set up at a station from which no other 
station, plotted on the sheet, is visible, an azimuth line (from the 
azimuths given in the list of geographie positions) to some station 
outside the limits of the sheet may be plotted and used for orienting. 


AC 


Fig. 7.—Orienting plane table 


After the sheet has been oriented, the topographer should sight 
through the telescope at some object and attempt, using light pres- 
sure, to move the table horizontally and vertically. If no movement 
is noted through the telescope, the table is solid and likely to remain 
in orientation. In all subsequent use of the table, care must be taken 
not to jar it or rest the body on it. 

Set-up in line with two stations.—If it is difficult or impracticable to 
set up the table over the station at which work is to be started, it may 
be located and oriented in line with two stations. 'This method is 
illustrated in Figure 8, in which A is the near-by and 2 the distant 
station. The table may be set up at any convenient point, such as a 
or a’, near station A and on line with A and B. To establish a set-up 
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position for the table at a point between two stations as at a, the to- 
pographer may stand over station A and line up a rodman, by eye, 
on station Z. Points such as a’ are established by lining up the two 
stations by eye. The distance to A is measured and plotted on line 
to give the position of the table, the latter being oriented on the sta- 
tions A and Z in the manner described above. 

This method is especially valüable when the near-by station is a 
church spire, cupola of a house, or other structure difficult of access. 
Two men with rods can establish the line between the two stations 
very easily by lining each other up, in succession, on opposite stations. 

Plumbing the station.—When occupying a station for work on scales 
of 1:10,000 or 1:20,000 and the next plane-table set-up is to be 
located from the occupied station and is only a short distance away 
(say about 200 meters or less), great care should be taken to plumb 
the plotted position over the station. 'The same precaution should 
also be taken when occupying the next set-up from which a back 
sight to the first station is to be used for orienting; otherwise, 


A B 
--A9------------ -------------- A 
g’ a 
© 
p 


Fig. 8.—Eccentric plane-table set-ups 


when working on the above scales, it is not necessary to have the 
plotted position of the table directly over the station, though it is 
advisable to plumb the position as closely as possible by eye. An 
experienced table man, if shown the general location on the sheet 
of the station to be occupied, will be able to set up the table, without 
loss of time, so that the plotted point is approximately over the 
station. 

When working on large scales (1:5,000 or larger), the plotted 
position should be plumbed over the stations under all conditions. 

Eccentric set-ups.— The methods described above are the most accu- 
rate means available for locating and orienting the table at a con- 
trol station. They should always be used when working on scales 
larger than 1:20,000 and for work on any scale if practicable. 

When working on scales of 1:20,000 or smaller, however, the use 
of these methods is not absolutely essential, provided that the distant 
station used for orienting is not less than 2 miles away. If neces- 
sary, the table may be set up a short distance (say from 1 to 3 feet) 
to one side of the station. On such scales the plotted point represent- 
ing the station, no matter how fine it may be, covers an appreciable 
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area of ground, so that there will be no perceptible change in azimuth 
due to the eccentric position of the instrument. 

In such cases, however, it is desirable to obtain a more accurate ori- 
entation by pointing the telescope a corresponding distance off the 
distant station, taking care to point on the proper side of the latter 
as its image is inverted. This procedure may be followed to ad- 
vantage in all cases where the plotted point is not directly over the 
station or over a line between th& two stations used for orienting. 
The proper distance off the distant station can often be judged from 
the width of the banners or other parts of the signal. 

For work on any scale, when the distant station is 9 miles or more 
away, the table may be located and oriented at a distance up to 10 
meters off the line between two stations in the following manner: 
Set up the table at a point (such as p, fig. 8) estimated to be on a 
line from station A at right angles to the line AB. Measure the 
distance Ap and plot p on the estimated line. Place alidade base on 
the plotted positions of p and B and orient on B. Correct position 
of p by resecting on A (resection is explained on p. 43). 

The distance off the line AB can be extended to 25 meters by orient- 
ing with the declinatoire as described below, resecting on A, plotting 
the position of p on the resection line from its measured distance 
from A, and then following the directions given above. 


MAGNETIC MERIDIAN 


At the first station where a strong orientation is obtained the mag-- 
netic meridian should be drawn on the sheet. 'To accomplish this, 
place the declinatoire on the sheet and release the needle. Move the 
box until the compass points to zero and draw a line along the edge 
of the box. This will give the magnetic meridian at the station if 
the declinatoire has no index error. Care must be taken that no iron 
or steel, such as knives, metal pencil boxes, etc., is near the declina- 
toire, and the orientation should be checked before and after drawing 
the meridian. The general requirements on this subject are given in 
paragraph 17, part 1. The meridian line should be drawn on some 
part of the sheet where it will least interfere with the delineation of 
topographic features. 

Orienting with declinatoire.— A fter the magnetic meridian has been 
drawn on the sheet, an approximate orientation, which is often de- 
sirable, can be made at any time with the declinatoire. The opera- 
tion is the reverse of that described above; the declinatoire is placed 
on the sheet along the magnetic meridian and the table is turned until 
the needle points to zero or to the reading corresponding to the error 
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of the instrument. If the magnetic declination of the station is 
known, the same result can be accomplished without a magnetic 
meridian line by placing the box along a true meridian and turning 
the table until the needle reads to the right or left of the zero accord- 
ing to the amount and direction of the declination. 

Testing the declinatoire—Testing the declinatoire in accordance 
with paragraph 17, part 1, is done at some station where the declina- 
tion is known or is to be observed with a declinometer. If the decli- 
nation is less than the graduated angle of the declinatoire, the table 
is oriented on a distant station as described heretofore, the instrument 
is placed along a true meridian line of the projection, and the aver- 
age reading of the north and south ends of the needle is noted. The 
difference between this reading and the known declination is the 
error of the instrument. If the declination is too large for a reading 
in this manner, the magnetic meridian is drawn as described in the 
first paragraph of this section, its angle with a true meridian being 
measured and compared with the known declination. 

In the note, required on the sheet, relative to the error of the 
declinatoire, care must be taken to indicate clearly the direction of 
the error. 


GRAPHIC TRIANGULATION 


A very satisfactory use of the plane table is for graphic triangu- 
lation whereby features at a distance can be located, without the 
necessity for measuring distances, by intersection and resection. 

Intersection—It has been stated that when the table is set up and 
properly oriented a line prolonged through the plotted position of 
the table and the plotted position of any other object will pass 
through the object. It is evident, therefore, if a line is drawn on the 
sheet so that it passes through the plotted position of the table and 
would pass, if prolonged, through an unlocated object, that the posi- 
tion on the sheet of the latter must lie somewhere on the line. 

The method of obtaining such lines is as follows: Assuming in 
Figure 7 that the table is set up and oriented at station A and that 
an object exists at S, the position of which is unknown, the alidade 
is placed so that the edge of the base passes through «a, and the 
object at S, seen through the telescope, is bisected by the vertical line 
of the telescope. The position on the sheet of S then lies on a line 
drawn along the edge of the base—that is, on the line marked 
“ spire ” in the figure. Such a line of position is called a “cut” or 
ec TAY 

The position of the object on the line is, of course, unknown, but 
if the table is set up and oriented at some other suitable point, as at 
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station P, a second cut from the new station will locate the position 
of S at the intersection of the two cuts. The position may be veri- 
fied by a third cut from another station such as C. 

lf practicable, three or more cuts, at least two of which intersect 
at an angle between 30 and 150°, should be obtained to each object 
located by intersections. Adjustment of position in case of failure 
of cuts to intersect at a common point is discussed on page 45. 

At each station occupied the surrounding territory should be 
scrutinized to select all objects to which cuts are desirable. The first 
cut to an object is usually marked in a distinctive manner, and the 
first intersection is marked by ringing it in pencil. If numerous 
cuts are taken, it may be desirable to number them and keep a record 
of them in a notebook. 

A chisel-pointed 5H or 6H pencil is best for drawing lines; a 
sharp-pointed 4H pencil is generally used for lettering. Care must 
be taken to keep the flat side of the chisel-pointed pencil against the 
edge of the base and to hold the pencil at a constant angle to the 
plane of the paper, so that there will be no deviation of the line from 
the edge of the base. To avoid confusion and unnecessary marking 
of the sheet, each cut should be drawn only in the general location 
of the object but must be drawn so that, if extended, it will pass 
through the center of the plotted point representing the position of 
the station from which the cut is obtained. If practicable, the same 
edge of the base should be used for all cuts as a precaution in case 
the two edges are not exactly parallel. 

Resection.—A fter the table has been set up and oriented at a located 
station and one cut has been obtained to an unlocated station, there 
is another method by which the latter can be located. Instead of 
obtaining cuts from other stations, the topographer may proceed di- 
rectly to the unlocated station (point S in figs. 7 and 9) and deter- 
mine its position in the following manner: 

Referring to Figure 9, set up the table over 8 and place the alidade 
so that the edge of the base is against the cut line and passes 
through the plotted position (a) of station A from which the cut 
was obtained (see “orientation lines" below). The telescope, of 
course, should point toward a—that is, exactly opposite to its point- 
ing when the cut was obtained. Swing and clamp the board so that 
the signal at A, seen through the telescope, is bisected by the ver- 
tical line of the latter. This operation orients the table. Next 
place the alidade so that the edge of its base passes through the 
plotted position (c) of station C, or any other station suitable for 
use, and the signal at C is bisected by the vertical line of the 


telescope. 
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Having in mind the conditions that obtain when the table is 
oriented, it is evident that the position on the sheet of S must lie 
somewhere along the edge of the alidade base. A short line drawn 
along the edge to intersect the first cut, therefore, locates S at the 
point of intersection of the two lines. This operation is called “ re- 
section.” A second intersecting line to check the position may be 
obtained by resection on station B. Previous remarks relative to 
pencils to be used and precautions to be observed in drawing cuts 
also apply to resection lines. On account of possible instrumental 
errors and distortion of paper, near-by stations should be given pref- 
erence for resection purposes. 
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Fic. 9.—Resection 


If the table can not be set directly over station jS, it is entirely 
practicable to place it near © and in line with Sand A. The sheet is 
then oriented as just described and is located by resection, after 
which the position of S can be determined by measuring its distance 
{rom the table. Having located a station by resection, cuts can be 
taken to locate any other unlocated points. 

As a general rule, the location of stations by resection is confined 
to cases where it is necessary to occupy such stations for other topo- 
graphic work. 
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Orientation lines.—A method of orientation referred to above and 
used extensively in topographic work is illustrated in Figure 10. 
In this figure, a is the plotted position of a station at which the 
table is set up and oriented and b is the plotted position of a future 
set-up of the table. The line on which 6 is located is obtained by a 
cut, and the distance between the two stations may be obtained in 
several ways. When the cut is taken from a, the telescope of the 
alidade, of course, points in the direction of the solid arrow. 

When the point on the ground corresponding to the plotted posi- 
tion 6 is occupied, the table is usually oriented by reversing the 
alidade, so that the edge of the base remains in contact with the. 
points @ and b while the telescope points in the direction of the: 
broken arrow line, and by backsighting on the first station. 


- Fre. 10.— Orientation lines 


In order that the second orientation may be as accurate as possible, 
it is desirable that the alidade be pointed, as closely as practicable, in 
exactly the opposite direction from the first pointing. For this pur- 
pose, advantage should be taken of the full length of the alidade 
base, when the first cut is obtained, by drawing short orientation 
lines along the edge of the base at both ends. 

Thus, when the cut from a to b is obtained the lines o and o” are 
drawn (in fig. 10, corners of the base are cut away to show these 
lines). When the second station is occupied it is obvious that the 
alidade will be reversed more exactly by placing the edge of the base 
against the orientation lines than by depending on two points, or a 
point and a short line, relatively close together. 

120961°—35 —4 
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Orientation lines are always drawn when a cut is taken to a sta- 
tion where the table is to be set up and oriented by a back sight on 
the station from which the cut is taken; otherwise they are not 
required. ; 

Adjustment of position.—When three cuts to an object from a series 
of stations fail to intersect at one point they form a triangle called 
the “triangle of error.” The "usual causes for such discrepancies 
and remedies therefor are given below: 

(a) Erroneous plotting of control stations—This is unlikely if 
the plotting has been carefully checked, but it may be desirable in 
some cases to recheck the positions. 

(b) Failure to identify the object from. one or more of the sta- 
tions, or, if the object is indefinite, to sight on the same point of the 
object from all stations—This should be eliminated by careful 
pointings from each station; if unavoidable, it can often be corrected 
by additional cuts from other stations. 

(c) Small angle of intersection between two cuts.—This should be 
corrected by a fourth cut from a suitably located station; adjust- 
ment of position, in case a fourth cut can not be obtained, is dis- 
cussed below. 

(d) Distortion of sheet.—Large errors due to abnormal distortion 
should be eliminated by allowances at the stations from which the 
cuts are obtained (see p. 65). Errors caused by slight distortion 
may be considered as a part of the discrepancy due to small errors 
in orientation and adjusted as described below. 

(e) Errors in orienting table at stations.—Large errors should 
be avoidedsby checking orientation as described previously. Ad- 
justment of small errors is discussed below. 

If there is a triangle of error and the topographer is reasonably 
certain that the discrepancy is not due to the causes mentioned in 
paragraphs (v) and (b) above, to large errors of orientation, or to 
large distortion, it is probably caused by small deflections in azimuth 
due to the limitations of the instrumental equipment. Such tri- 
angles of error should be quite small and may be adjusted by select- 
ing the most probable position of the object. 

An error in orienting the table will cause the same angular error 
in the bearing, as shown by the cut drawn on the sheet, of any object 
observed. Under this condition it is obvious that the distance of 
the true position, on the sheet, of the object from the cut will increase 
with the distance of the object from the table. 

In adjusting a triangle of error caused by small errors of orientation 
due to the limitations of instruments and possibly to slight distor- 
tion, the topographer has no way of knowing the direction or extent 
of the error at each station, and about the only method of adjust- 
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ment available is to plot the position of the object inside the triangle 
of error. For the reason stated in the preceding paragraph, how- 
ever, the point should be plotted so that its distance from each cut is 
proportional to the distance between the object and the station from 
which the cut was obtained. 

When two cuts intersecting at a small angle are intersected 
strongly by a third cut, the above method should be used with cau- 
tion. Assuming that the table is oriented and located with equal 
accuracy at all stations, the most probable position is on the line 
from the station nearest the object, at or very near the point of 
intersection of the cut forming the stronger angle with this line. 

A short line representing a cut from a station should never be 
prolonged for any considerable distance unless an orientation line 
or other point on the correct bearing is available. 

When resection lines form a triangle of error, the adjustment is 
made in accordance with the rules pertaining to the three-point 
problem given on page 57. 

Extension of control .—Graphic triangulation is sometimes used to 
extend control a short distance from a base formed by two triangula- 
tion or traverse stations. Triangulation with the plane table, of 
course, is not as accurate as triangulation with a theodolite, or trav- 
erse with theodolite and tape, but it is the most accurate method 
available for locating objects with the plane table and, 1f executed 
with reasonable care, will give good results for short distances. Its 
use in the manner described below is usually confined to the two fol- 
lowing general cases: 

(a) For the final control survey of relatively unimportant areas 
of moderate size where it is considered that more precise control is 
not required but where the extent of the area requires special methods 
in order to secure an accurate and expeditious topographic survey. 

(b) For establishing preliminary control in an area where trian- 
gulation with theodolite is contemplated but where it is desired to 
start topographic or hydrographic work before the final control sur- 
vey can be begun. In this case, the stations and scheme used for 
graphie triangulation are the same as will be used for the subse- 
quent theodolite triangulation. 

A typical illustration, applicable to either case, is given in Fig- 
ure 11. In this example, there are triangulation stations (A and 2) 
at the entrance points of a small bay but no stations inside, and it 
is desired to provide the latter by extending graphie triangulation 
from the base AB. i 

The first operation is a reconnaissance to select sites for stations, 
such as those indicated by circles in the figure—that is, to lay out 
a triangulation scheme. The principles involved are the same as 
for all triangulation work. Thus, starting from the base 4B, angles 
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are measured to locate stations C and D and provide a second base line 
CD for going ahead. Each section of the triangulation is called a 
“fioure.” In the illustration the quadrilateral ABCD is the first 
figure of the scheme. The main object to be attained in laying out 
the scheme is to place the stations so that they can be located by 
strong intersections (of three or more lines, if practicable) and are on 
commanding sites such as points, off-lying islets, etc. Suggestions 
and illustrations of various triangulation figures for use in adapting 
the scheme to the configuration of the region under survey will be 
found in the Manual of Second-order Triangulation and Traverse. 

Having selected the sites for stations, suitable signals are erected 
(see p. 28). It is desirable that the table be set up with its plotted 
position plumbed over the station; if this is impracticable at any 
station, the table should be set in line with two stations, and its exact 
position, after work at the station is completed, should be marked by 
a flag for use in orienting by a backsight. Great care must be taken 
to observe the precautions mentioned previously for drawing cuts 
and resection lines. Orientation lines should be drawn for each cut 
unless it is certain that they will not be required for orienting. 

If work of this nature can be performed entirely in one day of 
clear, fine weather, when the paper is fresh and thoroughly dry, less 
difficulty from distortion of the sheet will be encountered. In any 
case, to minimize the effects of such distortion, the work should be 
completed as quickly as possible, usually without delaying for other 
topographic work in the area until the triangulation is completed. 

Plane-table operations may be started either at A or B. If the 
former, the station routine should be about as follows: Set up table 
at A, orient on P; draw magnetic meridian; cut to C and D and to 
any supplemental objects, such as X, that it is desired to locate by 
intersections. 

Theoretically, the observations at A and B are for the purpose of 
locating C and D, and no additional cuts are necessary. Actually, 
the table is located and oriented more accurately at A and B than 
will be the case at any other station, and it is therefore advisable to 
cut from these stations to all other stations of the scheme that can 
be seen. Even if the stations are so distant that they can not be 
reached by the alidade base, direction lines and orientation lines 
should be drawn on the sheet. 

Therefore, at station A, cuts should be taken to E, F, G, and H. 
When these stations are occupied, the table should be oriented by a 
backsight on A or B. 

Next, set up table at B; orient on A; cut to C, D, E, and to sup- 
plemental objects. Then set up table at C; orient on A (or B); and 
check first intersection of cuts by resecting on B (or A). Place 
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IG. 11.—Plane-table graphic triangulation 
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alidade so that edge of base passes through intersection at C of cuts 
from A and B, and the signal at D is bisected by the vertical line of 
the telescope. If the edge of the base now passes through the inter- 
section at D of cuts from A and B, the positions on the sheet of C 
and D are established. Short lines should then be drawn along the 
edge of the base to show the intersections at C and D. 

If the edge fails to pass througl? the intersection of cuts at D, large 
discrepancies must be investigated and corrected. If the triangle 
of error is so small that it is probably due to slight distortion of the 
sheet or limitations of the instrument, the discrepancy may be ad- 
justed. The method of adjustment will depend on various conditions 
and must be left to the best judgment of the topographer. In the 
case illustrated, the intersection at C is a little stronger than at D 
and ordinarily would be given more weight. Possibly a sight on X, 
where the intersection of cuts from A and P is very strong, will aid 
in establishing the most probable position of C. In any case, final 
adjustment should not be made until the table is set up at station D, 
where orientation on one station and resection on the others may give 
further information. 

Having established the positions of C and D, cuts are taken to ad- 
vance stations, including those beyond the next figure of the scheme, 
work at all stations being essentially a repetition of that described 
above. If information obtained at D makes it desirable to adopt a 
different position for C, it will be necessary to reoccupy the latter or 
to adjust the cuts observed at that station. 

No dependence should be placed on positions obtained by cuts 
that intersect at very small angles. Thus, in fixing the position of 
station H, no consideration should be given to the intersection of 
the cuts or resections from C and F. Ordinarily, Æ should be lo- 
cated on the cut from C (or A) at a point established by the intersec- 
tion of the cuts from A (or C) and Æ, the cut from F being used 
only to detect any large error in azimuth of the cut from C. 

When the topographer is a subordinate member of a party, all 
cuts and resections, in so far as practicable, should be preserved on 
the sheet until the chief of party has an opportunity to review the 
work. 

Surveys in advance of control. — Graphic triangulation may also be 
used to advantage in some cases to provide preliminary control when 
there is no base, established by more accurate methods, from which to 
start work. Thus, referring to Figure 11, it may be necessary to 
establish the base AB by theodolite triangulation from another base 
more or less remote and also desirable to start work in the bay before 
the former work can be completed. This procedure should be 
limited as much as possible but is sometimes necessary in order to 
employ all units of the party to the best advantage. 
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Likewise, it may be desirable to survey an isolated bay or similar 
feature, for use as a harbor of refuge or other purpose, in an unsur- 
veyed region into which accurate control may not be carried for 
some time. 

In either case it is necessary to measure a base from which to start 
graphic triangulation. This base should be measured very carefully 
by traverse with theodolite and tape, if practicable; otherwise by 
traverse with plane table and stadia (see par. 11, pt. 1). 

Preliminary work includes the selection of a site for a base in 
addition to selecting sites for stations and building signals. For the 
survey illustrated in Figure 11, any line, such as AD, BC, CF, ete.,. 
offering the best conditions for the base measurement might be se- 
lected, or it might be possible to shorten the base by utilizing the. 
island station X as one of the main scheme stations. 

Assuming that the line AD is to be measured as a base, the routine 
should be about as follows: Using a topographic sheet without pro- 
jection, set up at A and assume a position of this station and an 
orientation whereby the area to be surveyed will come within the 
limits of the sheet. Lay off check distances at several places on the 
sheet in accordance with paragraph 7, part 1. Draw magnetic me- 
ridian and cut to all signals in sight, as in all graphic triangulation. 

If the distance from A to D has been measured with a tape, plot. 
this distance on the cut to D. If the distance is to be measured by 
stadia, the next operation is to run a careful plane-table traverse 
from A to D, using every precaution to measure the distance accu- 
rately and to keep the table in orientation (methods of traversing 
are described on p. 52). If the position of D by traverse does not 
fall on the cut, a small difference may be adjusted, but large dis- 
crepancies must be investigated and corrected. 

Next set up at D, orient by a backsight on A, and traverse to the 
latter, adjusting or investigating errors in azimuth or difference in 
distances by the two measurements, as indicated above. 

Having the positions of A and D plotted on the sheet, graphie 
triangulation should be extended as described heretofore. 

True meridian.—If the preliminary survey is to be published before . 
control has been established, it is necessary to provide data for draw- 
ing a true north-and-south line. This is done by drawing from a point 
on the sheet, when the table is in position, a line in the vertical plane 
through Polaris and the point occupied and recording the time of 
observation. The azimuth of the star at that time being known, a. 
true north-and-south line can accordingly be set off. 

If a small transit instrument is at hand and carefully adjusted for 
movement in vertical plane, the horizontal angle from Polaris to some 
illuminated point distant 1% to 2 miles, subtended at the point oc- 
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cupied, can be measured and the true azimuth then turned off and put 
on the sheet by daylight. 

If no transit is available and the vertical range of alidade is in- 
sufficient to observe Polaris, an illuminated plumb line may be used 
for the alignment. 

Marking stations.—Stations established by graphic triangulation 
should be marked in a permanent manner, preferably by standard 
hydrographic station marks, and described on Form 524. If such 
stations are located later by theodolite triangulation, the station mark 
may be retained, but the station should be described on Coast and 
Geodetic Survey Form 525, Form 524 also being submitted if shore- 
line data are observed at the station (see pars. 29 and 30, pt. 1). 


TRAVERSING 


In order properly to map all topographic features required for 
chart construction, it is usually necessary to set up, locate, and orient 
the plane table at one or more intermediate sites between control 
stations. 'This may be accomplished by a plane-table traverse be- 
tween stations, by graphic triangulation, by solutions of the three- 
point or two-point problems (described in subsequent sections), or 
by a combination of these methods. 

In general, the nature of the coastal topography is such that, for 
intermediate set-ups, the topographer must depend principally on 
traverse, supplemented to a certain extent by the other methods. 

A traverse is a series of points connected by azimuths and dis- 
tances. In a plane-table traverse, the azimuth is carried by direction 
lines (cuts) and distances are obtained by stadia. The operation of 
running a traverse is illustrated in the upper part of Figure 12. 
Points æ and 6 are the plotted positions of stations A and B. It is 
desired to start at A and traverse to B. The procedure is as follows: 

Set up and level table at A and orient on B or any other suitable 
station. Send a rodman ahead to select the next “set-up” site for 
the table. 

The selection of suitable set-up points is an important duty of 
the head rodman and he should be trained so that he will show 
good judgment in this respect. Distances between plane table sta- 
tions preferably should be from 300 to 600 meters, although this will 
depend in a large measure on the configuration of the region. Such 
stations should be well located both for mapping adjacent topographic 
features and for seeing ahead to the next set-up. Distances between 
points should be balanced, if practicable. For example, there is no 
advantage in having one distance 500 meters if the next can be only 
100 meters and conditions are such that two 300-meter distances will 
serve as well. 
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The rodman holds a telemeter rod over the point selected. He 
should be careful to hold the rod vertical by standing erect (facing 
the table) and balancing it lightly between his finger tips directly 
in front of his body. He should see that there is nothing between 
the rod and the table and that the light shines on the face of the rod. 
To insure the latter, it is sometimes necessary to slant the face of the 
rod a little from its usual position normal to the line of sight. 

When the rod is up, establish its.azimuth from a by a cut in exactly 
the same manner as has been described heretofore. Draw the cut 
line along the edge of the base at the approximate position of the rod 
and also draw the usual orientation lines. 

Measure the distance carefully by a reading on the rod. This may 
be done before or after the cut is obtained, but the latter is preferable. 
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Adjustment Diagram 
Fig. 12.—Plane-table traverse and adjustment 


If some other position of the alidade on the sheet is more convenient, 
the reading need not be obtained with the edge of the base passing 
through a. The alidade may even be removed to another support 
abreast the table in case the view from the latter is obstructed by 
some object, such as the limb of a tree, that cuts off a part of the rod. 

Correct the reading for stadia error (see p. 35) and, if rod and 
table are not at approximately the same elevation, read the vertical 
angle and correct the stadia reading for the inclined sight (see p. 77). 
Using dividers and metric scale, plot the distance on the cut to ob- 
tain the position of the next set-up (station No. 1 in Figure 12) and 
signal the rodman that the reading has been completed. 

The rodman should then mark the point where the rod was held, 
by a small flag or other conspicuous object, and proceed to the second 
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intermediate station or to the next point where he is to give a rod 
reading. This assumes that the rodman is experienced; otherwise 
it wil be best for him to remain at the first set-up until the 
topographer can give any necessary instructions. 

Having completed work at the first station occupied (station A), 
move instruments to plane-table station No. 1. If the table was not 
placed directly over A so that the signal is available for back sighting, 
a flag must be left to mark the point where the table was set up. 
It is sometimes desirable to have the rear rodman remain at the 
station, so that a second reading on the rod can be obtained from 
the next set-up to check the distance This is especially desirable 
for distances over 300 meters, when the light on the rod is better 
in the back-sight direction and when there are no signals available 
for checking the distance by resection. 

Unless the alidade is placed in its box for transportation between 
set-ups, it should be carried by the topographer, since care is needed 
to protect it from injury. A convenient method of carrying this 
instrument is to rest the standard on the forearm and grasp the end 
of the base which is held nearest the body. 

Set up the table at station No. 1, reverse the alidade on the orienta- 
tion lines, and orient table by a back sight on A or the object left to 
mark the site of the table. 'The remainder of the traverse 1s a repeti- 
tion of the work described above. Successive plane-table positions are 
established until station B is reached. The difference between the 
plotted position of this station and its position by traverse is the error 
ofthetraverse. The adjustment of this error is treated below, Work 
at each station required for the delineation of topographic features 
is described on page 67. 

Remarks on page 43 relative to pencils, etc., also apply to traversing. 
In all topographic work, lines that are to be erased should be drawn 
lightly so that they can be removed without destroying the surface of 
the paper. A damaged surface collects dirt more easily and may re- 
sult in blotting when the sheet is inked. All pencil work that is to 
remain on the sheet should be examined at intervals and freshened 
if necessary. In setting off distances on dividers, it is preferable to 
hold the scale in the hand. 

Skip station.—In some regions that are barren of detail, so that 
plane-table stations at moderate intervals are not required for the 
delineation of topographic features, it may be desirable to establish 
a set-up position so far from the station occupied that the distance 
can not be read with the telemeter rod. For this purpose a skip 
station, as illustrated in the upper section of Figure 13, may be used. 
In this illustration, @ is the plotted position of the TCU occupied, 
(1) is the skip station, and (2) is the next set-up position. 
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Having oriented the table at station A, sight on a rod or other object 
at (2) and draw the cut and usual orientation lines. Send a rodman 
to some intermediate point such as (1), obtain a cut and rod reading, 
and plot the position of the point. Then proceed to (2), orient by a 
back sight on A, read the distance to the skip station, and plot (2) on 
the eut from a, according to its distance from (1). If the skip sta- 
tion is so situated that the angle at (2) between (1) and a is 30° or 
more, (2) can be located by resection on (1), the distance being 
used to check the position. 

Telemeter errors —The source of the largest systematic errors in 
stadia measurements lies in the different refractive power of the air 
strata at the bottom of the rod as compared to those at the top. All 
stadia readings within 1 meter of the ground should be avoided, 
especially in hot climates or over sand beaches, as only readings 
above this limit are practically free from error. When necessary to 
use the full length of the stadia rod, attach to the bottom of the rod 
an extension piece without graduation. 

Use of other methods.—In executing a traverse the topographer 
should be alert to take full advantage of the various means of lo- 
cating and orienting the table when, by so doing, he can secure 
greater accuracy or increase his progress without sacrifice of ac- 
curacy. A control station off the line of traverse and so situated that 
resection lines from it form strong intersections with the azimuth 
lines (cuts) of the traverse is especially valuable in this respect. 

Possibilities of combining the various methods are indicated in the 
lower part of Figure 13, representing a section of coast between con- 
trol stations A and B, station C being located on an off-lying island. 

Assuming that a traverse is being run from A to B and that (1) is 
the first intermediate station, after the table is oriented at (1), the 
distance by rod reading from A can be checked by resection on C 
(graphie triangulation). If the distance is so great that the rod 
reading is questionable and it is known that the orientation is strong, 
the distance by resection should usually be accepted. For this pur- 
pose the angle of intersection should not be less than 30°, and a 
larger angle is preferable. Under certain conditions, such as a shore 
line from A to B rather barren of detail and difficult for traverse, 
it might be advisable to provide small signals at suitable intervals 
(sketching adjacent detail as each signal is erected) and locate the 
signals by cuts from A, B, and C, thus avoiding the necessity for a 
traverse. 

Figure 13 will serve to illustrate another practice that is sometimes 
quite desirable. If the configuration of the point on which (1) is 
located is such that no position can be selected that will see both 
A and B, two or more plane-table positions a short distance apart 
will be required in order to traverse around the point. Assuming 
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that a second set-up at (2) is required (the distance may be only a 
few meters), this position can be located very accurately from (1). 
When the table is set up at (2), however, it will be very difficult to 
orient it accurately by a backsight on (1) only a short distance away. 
In such a case, it will usually be preferable to disregard (1), to place 
the alidade on the plotted positions of (2) and some distant station 
such as B, and to orient on the latter. 

If a position on the point that sees A, B, and C can be selected, 
the conditions are excellent for locating and orienting the table by 
the three-point problem (see p. 57). From this position a traverse 
might be run to B or a signal erected and used with B and C for 
additional three-point positions between the first position and 2. 


Fic. 13.— Skip station and use of various methods 


System of signaling.—Every effort should be made to have the work 
proceed in an orderly manner without the necessity for shouting or 
useless gestures. For this purpose a simple and definite system of 
signaling should be arranged. It is best to have a separate object 
with which to signal each rodman; such as a different colored flag 
for each or a hat for one and a handkerchief for the other. The 
following signals are suggested : 


Completion of rod reading.—Wave arms back and forth from a vertical posi- 
tion over the head down to the sides of the body ; or wave flag back and forth 
from a horizontal position on one side to a similar position on the other side. 

Rod reading desired, or ready to read rod.—Hold flag vertical and stationary 
over the head. 

Rodman to decrease his distance from table.—Wave flag back and forth from 
horizontal to vertical position on one side of the body. 

Rodman to increase his distance from table—Same as last signal but on 
opposite side. 
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Rodman to move to right or left.—Hold flag horizontal and stationary in 
desired direction. 

“Set-up” point desired.—Wave flag in circle over the head. 

Rod reading given for a “set-up” point (given by rodman).2—Wave rod 
from side to side, or hold it edgewise, until topographer holds flag vertical. 

Adjustment of traverse.—4A traverse between two control stations 
will seldom close exactly. Any error of closure must be corrected 
either by adjustment or by rerunning the traverse in accordance with 
paragraph 12, part 1. It is more likely to be due to erroneous dis- 
tances than to errors in azimuth, especially if the table is set up and 
manipulated properly and short distances between set-ups are not 
numerous. 

A traverse is adjusted by moving each plane-table position in 
the proper direction along a. line parallel to the line joining the clos- 
ing station and the position of this station by traverse. The distance 
that each position is moved should have the same ratio to the total 
error that the distance of the position from the initial station has to 
the total length of traverse. 

This proportion is best obtained graphically by means of an adjust- 
ment diagram (see fig. 12). In the upper illustration of this figure 
the direction and amount of the closing error is shown by the line g 
connecting the plotted position d with the position of the station by 
traverse. To construct the diagram, from one end (A) of a straight 
line lay off points 1, 2, etc., at intervals equal to the distances on the 
sheet (along the traverse line) of the corresponding plane-table posi- 
tions from the initial station. 

At the last point (5) erect a perpendicular equal in length to the 
amount of the error (g). Connect the other end of this line with A 
by the line AZ. At points 1, 2, etc., erect lines perpendicular to the 
line A-5. The lengths of these lines between AB and A-5 give the 
amounts that the plane-table positions are to be moved. The adjust- 
ment and the adjusted traverse is shown by the broken lines in the 
upper part of the figure. 

All topographie detail that was mapped from each station should 
be adjusted to conform to the adjustment of the station. Adjust- 
ments should be made at the first opportunity, while all facts are 
remembered clearly. A description of each adjustment must be 
given in the descriptive report accompanying the sheet. 


THREE-POINT PROBLEM 


When three control stations or other previously determined points 
can be seen and are suitably situated, the plane table can be located 


= $ As the rodman may give several rod readings on his way to the next set-up position, 
the reading at the latter must be distinguished so that the topographer can read the rod 
and make the pointing with special care and also draw the orientation lines which are not 
required for the other readings. 
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and oriented simultaneously by applying the principle of resection to 
effect a graphic solution of the three-point problem. The advantage 
of this is quite evident, as it allows the topographer to set up the table 
at commanding sites, for mapping adjacent topographic features, 
without the necessity for previous cuts to the site, or for traversing 
between control stations which may be laborious, especially along 
coasts where walking is difficult. ` 

Having in mind the principles of orientation, it is evident that, 
when the table is properly oriented, resection lines from two or more 
stations will intersect at a point on the sheet corresponding to the 
position on the ground of the table. If the table is not oriented 
accurately, resection lines from three stations will form a triangle of 
error, the size of which increases with the error of orientation. 

The strength of the position and orientation depends chiefly on the 
relative positions of the three stations used. The principal considera- 
tions to be remembered 1n selecting control stations are as follows: 

(a) A strong position will be obtained when the position sought 
is inside the triangle formed by the three control stations, or when 
the latter are nearly in line, or the center station is nearer than the 
others, with no angle less than 30°. 

(b) A weak position will generally result from using two stations 
so situated that the angle between them is small. An exception to 
this occurs when two stations a considerable distance apart are in 
range, or nearly in range, with the nearer station the center one, 
provided the angle to the third station is not less than 30°. When 
the more distant of the two stations is in the center, however, such 
a position may be very weak. 

(c) A position is indeterminate when the point sought lies on or 
near the circle passing through the three stations; the position 
weakens as the point approaches this circle. 

Location and orientation of the table by this method involve the 
selection of suitable control stations, securing a triangle of error by 
resecting on the three stations, and interpreting the triangle of error 
in order to determine the position of the table. 'The procedure is 
as follows: Set up and level the table and orient it approximately. 
If the approximate position of the table is not known, the declina- 
toire may be used conveniently for the preliminary orientation. 
Sight on the control stations and draw the resection lines, as ex- 
plained previously, to form the triangle of error.: The position of 
the point sought can then be estimated very closely by observing the 
following rules: 

I. The point sought is on the same side of all resection lines; that 
is, either to the right or left (as the observer faces the station from 
whieh the line is obtained) of all lines. 
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II. The distance of the point sought from each resection line is 
proportional to the distance of the point occupied from the station 
from which the line is drawn; in other words, the distance from the 
lines is proportional to the length of the lines if prolonged from the 
point to each station. 

Having estimated the position of the point sought, place the ali- 
dade so that the edge of the base passes through the plotted point and 
the plotted position of the most distant station (always use the most 
distant station for orienting). Orient on the latter and resect on the 
two nearer stations. If the position of the point sought was not 
estimated accurately, a second, but smaller, triangle of error will 
result, and the operation must be repeated until the correct position 
of the table is determined. The accuracy of the first estimate will 
increase with practice. 


Fic. 14.— Three-point problem 


This method may be understood by reference to Figure 14, im 
which a, b, and c, are the plotted positions of the stations A, B, and C. 
The triangle of error, formed by the intersections of the resection 
lines passing through the plotted positions of the stations, is in- 
dicated by heavier lines. The position of the table assumed for the: 
first orientation is shown at p’. 

In ease 1 the plotted position (p) of the table must, in conformity 
with Rule I, lie either in sector 3, to the right of all resection lines, 
or in sector 6, to the left of all lines. By Rule II it must lie in 
sector 6 in order to be nearer to the line from the nearest station (5) 
than to the lines from the other stations. It is accordingly plotted 
in sector 6 at the proper proportionate distances from the three lines. 

In case 2 the point p must lie inside the triangle of error in order 
to satisfy the rules. 
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Conditions illustrated 1n Figure 
14 hold good in all cases; that is, 
if the table is located outside the 
triangle formed by the three con- 
trol stations, its position on the 
sheet will lie outside the triangle 
of error; if it is located inside the 
triangle, its position will lie in- 
side the triangle of error. This is 
sometimes called Rule III. 

The effect of distortion of the 
sheet on the solution of the three- 
point problem and the allowances 
to be made for such distortion are 
discussed on page 64. 

Bessel’s method. — The three-point 
problem can be solved, without 
the necessity for a triangle of 
error, by Bessel’s method. This 
method is very satisfactory unless, 
as frequently happens, the inter- 
section of construction lines falls 
off the sheet. 

This method is illustrated in 
Figure 15. The capital letters at 
the ends of arrow lines designate 
stations on the ground that are 
used for orienting or to which 
cuts are taken. The relative loca- 
tion of the stations are shown by 
their plotted positions, a, b, and c, 
on the sheet. The location of the 
unknown point with relation to 
the three control stations is indi- 
cated at d in the lower illustra- 
tion. The procedure is as follows: 

Set up and level table over the 
unknown point. Place alidade so 
that the edge of the base passes 
through the plotted points «and c, 
with telescope pointing toward c. 
Adjust table until the signal at C 
is bisected by the vertical line of 
the telescope. Place alidade so 
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that the edge of the base passes through the point a and the signal 
at B is bisected by the vertical line and draw a cut on the sheet along 
the edge of the base. It will be noted that this procedure is exactly 
the same as would be the case if the table were actually set up over 
A (instead of the unknown point), oriented on C, and a cut taken to 
B. The result will be a cut on the sheet as indicated by the solid line 
from a in the upper illustration. 

Next assume that the table is set up over station C, orient on A, 
and cut again to B. This will give a second cut on the sheet, extend- 
ing from c and intersecting the first cut at point e, as indicated in the 
center illustration. 

Now place the alidade so that the edge of the base passes through 
the points b and e on the sheet and adjust table so that the signal at 
B is bisected by the vertical line of the telescope. The table is now 
properly oriented, and a line drawn along the edge of the base (a 
prolongation of the line ed) will give a line of position for the 
unknown point. Resection on A and C should give two additional 
lines intersecting the first line at the same point (d in the lower 
illustration), which is the position of the unknown site over which 
the table is set up. 

The triangle formed by the three plotted points a, b, and c can be 
contracted or expanded, as may be desirable in order to bring the 
intersection e within the limits of the sheet, by drawing a line parallel 
to the longest side and terminated by the other two sides. The solu- 
tion is then made in the same manner as with the original triangle. 

Tracing-cloth protractor.— Another solution is obtained by laying off 
the angles between the three control stations on tracing cloth or paper 
and using this as a three-arm protractor to determine the position 
of the unknown point. 

Fasten the tracing sheet to the board and mark a point upon it 
to represent the unknown point. With the edge of the alidade on 
this point, sight on the known points and draw the three cuts. Re- 
lease the tracing sheet and shift it over the plane-table sheet until 
each of the cuts passes through the plotted position of the station to 
which the cut was taken. The intersection of the three cuts on the 
tracing sheet is now in the proper position over the plane-table sheet 
to indicate the position of the point sought. This position must be 
verified by orienting and resecting on the three control stations. 


TWO-POINT PROBLEM 


It is sometimes desirable to locate and orient the table at a point 
from which only two control stations are visible; this may be done 
in several ways. 

120961°— 35 
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When it is practicable to set up the table in range with the two 
stations, the position of an unknown point can easily be determined 
as follows: Set up the table anywhere on the range line and orient 
by the latter. Place the alidade at any convenient location on the 
sheet so that a flag or other object, erected over the unknown point, 
is bisected by the vertical line of the telescope and draw orientation 
lines along the edge of the base. 

Leaving a flag at the first site of the table, proceed to the unknown 
point, set up the table, reverse the alidade, and orient by a backsight 
on the first point occupied. As the azimuth of the table is now the 
same as when on the range line and the table is, therefore, properly 
oriented, the position of the point sought is shown by the intersection 
of resection lines from the two control stations. 

The solution of the two-point problem, generally used when it is 
impracticable or undesirable to set up on range, is illustrated in 
Figure 16. This method requires no linear measurements and dem- 
onstrates the effectiveness of the plane table as a surveying instru- 
ment. Two cases are illustrated in the figure; the description of the 
method given below is applicable to both cases as well as to other 
locations of the points. 

In the illustration, a and b are the plotted positions on the sheet 
of two control stations A and B, not conveniently accessible, from 
which it is desired to locate and orient the table at an unknown point 
(call the unknown point C). The procedure is as follows: Select 
a fourth point (call this point D), where the resection lines from A 
and B will give a strong intersection. This point also must be so 
situated with respect to C that cuts on A and B from C and D will 
give good intersections. Orient as closely as possible, by eye or with 
the declinatoire, and resect on A and B. 

Intersection of the resection lines at d" gives a tentative position 
of D, differing from its true position because of the error in orienta- 
tion. Sight on an object erected at C and draw orientation lines 
and a cut through the point d’. Plot c' on this cut at a distance 
from d’ corresponding to the estimated distance from D to C. 

Next, set up the table at C, reverse the alidade on the cut d’ c, 
and orient by a backsight on D. The error in orientation is now the 
same in extent and direction as at D. Sight on A and draw the cut 
through c’ to intersect the line ad’ at a’. Then sight on B and 
obtain the intersection at b’. 

The quadrilateral, a’b’d’c’ in case 1, or a’c’b’d’ in case 2, has 
the same shape as that formed by the four points on the ground but 
is erroneous in size and position. In all cases, however, the line 
a'b’ is parallel to the line AB on the ground so that the error in 


orientation is indicated by the angle between the line ab and the 
line a’b’. 
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Fig. 16.—Two-point problem 
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A convenient method of correcting the orientation is to place the 
alidade on the line a’b’ and to note some distinctive and distant 
object that is bisected by the vertical line of the telescope. Then 
place the alidade on the line ab and adjust the table until the same 
object is again bisected. The table is now oriented correctly, so 
that resection on A and B establishes the true position of the point 
sought at a 

A second method of correcting the orientation (illustrated in case 
1 only) is as follows: Construct the line ab” parallel to a’b’. The 
error of orientation is given by the angle bab”. Lay off the line 
c’d’’ to make the same angle with the line ¢’d’. Note that this 
angle must be laid off in the opposite direction; that is, if ab’’ bears 
to the right of ab, then c'd"^ must bear to the left of ed’. Place the 
alidade on the line c’d’’ and adjust the table so that D is bisected. 
"This operation orients the table correctly. 

Another available method, involving the measurement of a base, is 
not described. as it is more laborious than the one given above. 


DISTORTION 


Distortion of a plane-table sheet destroys the perfect proportions 
that exist between the control stations and their plotted positions. 
The amount of distortion can be measured at any time by means of 
the check distances placed on the sheet in accordance with para- 
graph 7, part 1. The topographer should measure the sheet for dis- 
tortion from time to time and should take advantage of oppor- 
tunities, while at control stations, for ascertaining the effect of dis- 
tortion by pointing to other control stations on the sheet. 

The effect of distortion upon the determination of a point is illus- 
trated in Figure 17. 

A, B, C, etc., are plotted in their true relations. After the sheet 
has contracted, a, b, c, etc., represent the relations those points have 
assumed. The paper contracts at a uniform but different rate in 
‘each direction. 

The plane table is supposed to be at X, the exact center of the 
figure, and it is required to determine the position by the distorted 
points a, b, c, etc. By reversing the telescope, we immediately 
ascertain that we are directly on the line HD. Reversal will also 
show that we are on the lines AZ, CG, and BF. But the distortion 
is not apparent until the telescope is pointed at the signals and the 
lines are drawn on the sheet. Then, if we orient by the line HD, 
we shall produce the figure of the diagram, giving five determina- 
tions, 1, 2, 3, 4, and X, each made with four well-conditioned points. 
Any one of these conditions would be considered satisfactory if we 
had not the other points to show that something was wrong. Orient- 
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ing by the line 37 will produce the same result. But if we take the 
diagonal AZ, we shall have two positions at 5 and 7, formed by the 
intersection of the diagonal points, with the lines from the other 
points running wild. Using the diagonal CG would give two points 
at 6 and 8, with the lines from the other points running wild as 
before. 

Position by compromise.— There is no question that out of the nine 
positions developed by these settings the one at X is the only true 
compromise. When the sheet is distorted, all positions are com- 
promises; and X is the true compromise in this case, for it is on the 
lines CG, AL, etc.; a is below and e above the line connecting A 
and Z, by equal quantities. A line drawn through the distorted 
points @ and e must pass through the middle point X. The posi- 
tions 5, 6, 7, and 8 can not be true, because lines forming them will 
not pass through the opposite points when extended, which we 
know to be the condition that must be filled. The following rules 
apply: 

(1) A station established from three points, such as h, 5, d, that 
are on the lines of contraction, the resecting lines forming nearly 
right angles at their intersection, will give the true position in rela- 
tion to all points in the sheet. 

(2) A similar condition of right-angular intersection at the sta- 
tion, but with the lines forming diagonals to the lines of contraction 
(using stations a, c, and e, for example), will give the worst possible 
position for the station. 

(3) A station established from three points, such as a, b, and c, 
on one of the lines of contraction will give the correct orientation of 
the table but not the correct position. 

(4) In estimating errors of the point due to distortion, those situ- 

ated on the lines of contraction require no allowance, however dis- 
tant. : 
Application —If the change in the sheet due to contraction or expan- 
sion gives the same percentage of the units of length, both lengthwise 
end crosswise of the sheet, the points are still in their true relative 
positions, and the projection is practically as good as when laid on 
ihe paper but is on a slightly altered scale. When the percentage of 
change in the units of length is greater in one direction than the 
other, the sheet and projection are distorted; and to locate a station 
by the three-point problem, allowance must be made for the change 
of scale in each direction. The difficulty in making such allowances 
is not great, if the principal effects of distortion in the sheet are 
borne in mind. 

It would not be permissible, even were it practicable, to make new 
points on the sheet, as this would destroy the geographic position. 
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It is necessary, therefore, to assume the new points by estimation, 
applying the percentage of change to the distances measured between 
the points on the lines of change—that is, on lines parallel to the 
edges of the sheet. If the point occupied and the point sighted to 
are on a line parallel, or nearly so, to one edge of the sheet, its 
movement from the distortion can only be along that line. 

When the position of the point sighted is found situated to one 
side of the line parallel to the edge of the sheet, the distortion will 
also affect it in the direction at right angles to that edge, and the 
effect of the distortion will be most apparent when the angle of de- 
flection is 45? and the position is at as great a distance from the 
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Fig. 17.—Distortion of sheet 


point occupied as the paper will permit. As the angle of deflection 
increases above 45°, the effect becomes less and disappears at 90°, 
when the position will fall again in a line parallel to an edge of the 
sheet. 

Referring to Figure 17, to establish a station from the three points 
a, b, c, if the sheet were not distorted, the station would be at X—A, 
B, and C being the true positions plotted when the projection 
was drawn. But the sheet having contracted, a, 6, and ¢ show the 
relative positions of these points; therefore we make such allowance 
for the contraction derived from measuring the unit of length that 
we can place or imagine @ and c to be where they belong, at A and 
C; b requires no change, as it is on a line parallel to the edge of 
the sheet. To locate A we must know the distances (approximately) 
h to æ and A to X, which, multiplied by the percentages of contrac- 
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tion (in this case), will give the distance of A above and to the left 
of a. The same process locates C. 

If the station were to be established from the points a, c, and e, 
all three points would have to be imagined in a new position by 
the same process that A has been located. 

Stations made in this way will be good for all local sketching 
within an area such that the contraction of the sheet is inappreciable; 
but to take cuts on distant objects from such a station the orientation 
of the table must be changed. If an object is somewhere near the 
direction of a and the table at the compromise station X, the table 
must be oriented by a and X, the imaginary position A being dis- 
carded. 

'The same processes apply to all positions on the sheet for the 
station occupied. 

If a control station is located at some point such as X and it is 
desired to occupy this station, the distant station used for orienting 
should, if possible, be selected so that the line of sight is parallel, 
or nearly so, with an edge of the sheet. In this case no allowance 
for distortion 1s necessary. 

If necessary to orient on a station such as a, the true position of 
point A must be estimated as indicated above. In either case the dis- 
placement of the plotted positions of other stations must be con- 
sidered in resecting on such stations. Allowances to be made for sta- 
tions plotted in other positions on the sheet will be understood from 
a study of the diagram. 

As mentioned above, orientations of this nature will serve for 
local sketching. For cuts on distant objects the table should, if pos- 
sible, be oriented on the plotted position of a station in the direction 
of the cut. 

'The methods outlined in this section should be considered only 
as means for making the best of a bad situation. Work on a badly 
distorted sheet is unsatisfactory and every effort should be made, by 
thorough seasoning of sheets and by careful handling thereafter, 
to avoid conditions that will cause abnormal distortion. 


DELINEATION OF TOPOGRAPHIC FEATURES 


At each plane-table set-up the topographic features in the vicinity 
of the station should be mapped in accordance with paragraph 16, 
part 1. Such features may be located by cuts and rod readings 
from the station or by cuts from two or more stations, depending 
on conditions. 

Among the features usually located by rod readings are the high- 
water line, small streams, buildings and similar objects along shore, 
limits of various kinds of vegetation, etc. For such readings it is 
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not necessary to draw the cut lines. The distance can be set on the 
dividers and pricked along the edge of the alidade base. 

The proper delineation of the high-water line is, of course, very 
important, and the rodmen should be trained to give a sufficient num- 
ber of properly spaced readings so that the shore line can be drawn 
correctly. The head rodman usually gives the shore-line readings 
on his way to the next set-up ‘point while the rear rodman gives 
readings on other features. 

A rod reading at a building, wharf, or similar feature can usually 
be identified by the topographer, but there is likely to be some un- 
certainty concerning rod readings along the high-water line. For 
this reason a simple signaling system for shore-line readings is 
often valuable. Thus, after the rod reading, the rodman might hold 
the rod at an angle of 45? with the top pointing offshore to indicate 
a reading on a projecting point;:at the same angle, but with the 
top pointing inshore, for a reading at the head of a small indenta- 
tion; horizontal above his head for a reading at the mouth of a 
small stream; etc. 

It will be of great assistance to the topographer if the rodmen can 
be taught to sketch the topography near each rod reading, using a 
sketchbook and numbering each rod reading. 

The topographer may draw in the high-water line very lightly as 
the readings are given and then, at the next set-up, correct the 
original drawing from information obtained while traveling along 
the shore between the two stations or from the rodman's sketches. 
Any additional readings that are considered necessary can be given 
by the rear rodman. (See also * determination of high-water line," 
below.) ` 

Objects located by cuts may include off-lying objects such as rocks, 
breakers, aids to navigation, etc.; mountain peaks and other promi- 
nent elevations (measurement of elevations is discussed in a later 
section) ; limits of vegetation at a distance; and the upper tree line 
on mountains. (Distinctive points of woods or dead trees along the 
latter can often be located by cuts.) Direction lines to prominent 
features that do not come within the limits of the sheet are often 
desirable. 

The nature of the shore and all features, as they are located, should 
be shown on the sheet by symbols or by limiting lines and legends. 
Standard symbols are given on pages 104 to 113. Sections of topo- 
graphie sheets on which the symbols are used are reproduced on 
pages 115 to 117. 

The sheet section shown on page 115 illustrates the use of rock 
symbols as prescribed in paragraphs 37 to 39, part 1. Generally 
foul ground, the limits of which are unknown, off a point on the 
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westerly shore is indicated by three sunken-rock symbols. Two 
rocks awash and one sunken rock off the northwest point were defi- 
nitely located and are therefore surrounded by dotted lines. A short 
distance to the eastward the limits and nature of a sunken reef off the 
point as shown by a broken line inclosing rock symbols. The outer- 
most sunken rock, however, was definitely located and is encircled by 
a dotted line. Still farther eastward sunken-rock symbols are used 
to indicate foul ground. between two islets but not the definite num- 
ber or location of the rocks. 

Preliminary locations —In case a feature to which a cut is taken will 
be difficult to identify from other stations, an approximate position 
can be obtained by measuring a vertical angle and computing the 
distance, or by observing another cut from a near-by station. Such 
locations, of course, will have no value except to indicate the ap- 
proximate direction for sighting from other stations that are suit- 
able for obtaining good intersections of cuts. 

Determination of high-water line.— The mean high-water line, con- 
sidered to be the shore line in the topographic work of the Coast 
and Geodetic Survey, is seldom well defined. The topographer 
should familiarize himself with the tidal characteristics of the 
region under survey, so that he can ascertain his location relative 
to mean high water at any time by measuring to the surface of 
the water. Times of high and low tide can usually be obtained 
from the tide tables, which also give a method for obtaining the 
predicted height of tide at any time.* A method of computing the 
high-water plane is given on page 75. 

Where the beach slopes gently and the tidal range 1s large, it is 
practically impossible to identify exactly the mean high-water line. 
In this case the topographer should note the characteristics of the 
shore at mean high water. On a sand beach there may be a dif- 
ference in the size of the sand or its compactness, as the sand 
back of the high-water line 1s usually coarser and less compact. 
Mud flats may have a different color or a difference in the character 
of the sun cracks; there may be tufts of grass or other vegetation 
along the high-water line. 

The mean high-water line must not be confused with the storm 
high-water line, which is usually marked by driftwood and the 
edge of considerable vegetation. (See also pars. 30 and 43, pt. 1.) 


HYDROGRAPHIC INFORMATION 


When topography is carried on as a part of combined operations 
including hydrographie work, there should be close cooperation 


^ A method of constructing a predicted tide curve and tabulating the height of tide at 
any desired interval is described in the Hydrographie Manual of the Coast and Geodetic 
Survey. 
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between the topographer and the hydrographer. In many regions 
one of the duties of the topographer is to construct and locate small 
signals at suitable intervals along the beach for use in extending 
hydrographie work close inshore. 

Such signals should be varied as much as possible, to avoid con- 
fusion. They may consist of whitewashed rocks, cloth banners 
on bushes, flags, slats on trees, étc. For this work the topographer 
should be familiar with the principles involved in controlling hydro- 
graphic work, as given in the Hydrographic Manual of the Coast 
and Goedetic Survey, and should consult with the hydrographer 
relative to his requirements for signals in the locality under sur- 
vey. Short descriptions of the various signals should be noted on 
the sheet or in a notebook. 

Natural or artificial objects along the shore, or in plain sight 
from the water, such as fence ends, rocks, prominent houses, etc., 
should be determined and marked upon the sheet. 

Lines to buoys and other prominent floating objects at anchor 
should be, as far as practicable, taken at the same stage of the 
tide or direction of current. 

The mean low-water line should be delineated, but when it is 
beyond the reach of the plane table and presents no marked points 
for determination, or is of a character that will not permit the use 
of the instrument (as along the swampy shores in the South, where 
the muddy shoals are of great extent, and among the shifting quick- 
sands of our great estuaries and bays), it may be left to be traced 
by the work of the hydrographic parties. The channels through 
mud flats of this character should be indicated, however, if only 
approximately, by cuts and tangents, or the determination of stakes 
at the turning points. Where the fall of the tide exposes rocks and 
ledges, Ta beaches, etc., their character and extent should be 
indicated and distinguished from the sandy beaches, as these features 
are most difficult and laborious for the hydrographic survey to 
represent. 

In some cases, when a section of the coast has been surveyed at 
high tide, it may be necessary to return at low tide for the delinea- 
tion of additional features. If this is likely to be necessary, the 
plane-table set-ups should be marked so that they can be recovered 
within a reasonable period. 


LANDMARKS 


Special attention must be paid to the location of objects which 
are prominent landmarks. When placed upon the published charts 


with brief descriptive legends, they are little less than indispensable 
for the following: 


TOPOGRAPHIC MANUAL za 


(a) Coastwise navigation, especially at difficult entrances or those 
subject to frequent and considerable changes. 

(5) Assisting the aerial navigator to recognize and determine his 
position. 

(c) As recognizable and controlling points in a photographic 
survey. 

(d) The original location and determination of aids to navigation 
and subsequent verification of their positions. 

(e) Hydrographie examination of features subject to change, to 
serve as the basis for more complete surveys, such as entrance ap- 
proaches, bars, and channels. Also, the verification of reported 
shoals or other features incorrectly or incompletely charted. 

Prominent landmarks are topographic features, either artificial or 
natural, which are easily distinguished from the surrounding fea- 
tures. They should be comparatively permanent. They include 
mountain peaks having some unusual feature such as height, color, 
shape, or appearance; conspicuous cliffs; landslides, bare or having 
distinctive vegetation; waterfalls; prominent trees; church spires; 
stacks; towers; and conspicuous buildings. 

Features of particular value as control points for aerial photo- 
graphs are crossroads, railroad junctions, and points at the confluence 
of streams, ditches, or canals. 

A proper note must be made on the sheet and in the descriptive 
report regarding each. They should be given a name in order to 
identify them properly when referring to them in the Coast Pilot or 
when they are seen on the chart. If the number of prominent fea- 
tures located in any one locality is greater than can be shown on the 
chart, the list should show which are the more prominent or impor- 
tant, so that the chart compiler can make the proper selection. 


REPRESENTATION OF RELIEF 


There are various methods of representing on maps the relief of a 
region, such as by hachures or hill shading, contours, form lines, and 
hypsometric tints. Only the first three are used by the Coast and 
Geodetic Survey. 

Hachures.—Hachures are a system of short lines drawn in the 
direction of the slope. For a steep slope they are heavy and closely 
spaced, and for a gentle one fine and widely spaced. Hachures give 
a good idea of the shape of the ground but do not give the actual 
elevation above the datum plane. Only relative heights or steepness 
of grades are indicated. 

On a map depicting gentle slopes over its general area it will be 
necessary to use heavy and closely spaced lines to bring out a slope 
steeper than the average, while on a map of mountainous area the 
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same degree of slope would be represented by light hachures, in order 
to use the closely spaced lines for the steeper slopes. Another ob- 
jection to hachures is that they cover up other topographic detail. 

The Coast and Geodetie Survey uses hachures only to show cliffs, 
or very steep slopes where contours run together, and bluffs along the 
shore, especially when the height of the latter is less than the contour 
interval. à 

An illustration of the last-mentioned use of hachures is given in 
Figure 18, representing a short section of coast line. Reading the 
hachures from left to right, we see first a fairly steep bluff along the 
shore, which after a short distance leaves the beach and extends inland 
along a small stream. On the other side of the stream a low bluff 


Fig. 18.—Hatchures 


starts. It extends down to and along a rounding point, becoming 
higher and more precipitous. Just beyond the point it becomes lower 
but remains steep, and then recedes inland, leaving a small area of 
beach. Here it is quite high but not so steep. Extending down to 
the shore again, the bluff becomes lower and steeper and finally 
disappears inland. 

Contours—A contour is a line that passes through points having 
the same elevation above a datum plane; that is, a line that would be 
formed by the intersection of a horizontal plane with the surface of 
the ground. It may also be described as an imaginary shore line that 
would be formed were the water to rise to the height represented by 
the contour. 

A contour system is a series of contours separated from each other 
by a constant vertical interval. As the contours must be delineated 
in their true positions with relation to each other and to the rest of 
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the map, they show not only the various elevations of the region 
mapped but also the shapes of the hills, valleys, etc. The amount of 
slope is indicated by the distance apart of the contours on the sheet. 
Relatively far apart for gentle slopes, the distance between successive 
contours decreases as the slope becomes steeper, until they may run 
together to indicate a vertical cliff. 

The use of contours may be understood by reference to Figures 19, 
20, and 21. Figure 19 represents a small bay with adjacent hills and 
a granite cliff near the shore. Figure 20 illustrates a topographic 
map of the same area. 

Figure 21 illustrates the manner in which a relief map might be 
constructed from the information given by the contours of a topo- 
graphie map. In the lower part of the figure, layers of cardboard 
are cut to conform in shape with the configuration of successive con- 
tours and are superimposed in the proper relative positions of the 
various contours. 

If this base is now covered with some plastic material so that curves 
and slopes are even and regular, and the upper edge of each card- 
board layer is flush with the surface of the material, the result will 
be a relief map (upper part of figure) the accuracy of which cor- 
responds to that of the topographic map. 

In order to assist in reading contours, every fifth one is accentuated 
by a heavier line and is numbered at frequent intervals along its 
length. 

When a contour runs very near to some remarkable relief feature, 
as a prominent spur or indentation, but does not indicate it, a slight 
deviation above or below the plane, in order to include the feature, 
is permissible. 

Typical contour groups are shown in Figure 22. The arrows are 
inserted to show the direction of the drainage but are not used in 
actual mapping. Two groups showing erroneous contours are also 
given. 

A closed contour encircled by one or more closed contours is either 
a hill as shown in case 1 or a depression, such as a dried lake, as in 
case 2. If it is a depression, hachures on the down-slope side and 
eontour numbers indicate the fact. Case 3 illustrates the representa- 
tion of a ridge by contours. The same system of contour having the 
arrows reversed would represent a ravine. Case 4 shows a saddle 
between two hills. Case ^7 illustrates the junction of mountain 
streams. 

A contour never splits, as shown in case 5; nor do two contours run 
into one, as shown in case 6; nor cross each other except in the rare 
instance of an overhanging cliff, as shown in case 8. A contour can 
not have an end within the map; it must either close on itself or 
commence and end at edges of the sheet. 


74 U. S. COAST AND GEODETIC SURVEY 


S LO 
e 60 
po 20 
a? E (99 
1 2 


Fig. 22.—Contour groups 


TOPOGRAPHIC MANUAL 75 


Contours give a maximum amount of information without obscur- 
ing other detail and are used by the Coast and Geodetie Survey for 
mapping all regions except Alaska and the Philippine Islands. 
They are sometimes used in combination with hachures, as indicated 
above. 

Form lines.—Form lines resemble contours but are not drawn with 
the same degree of accuracy. They show the general configuration 
of the country so as to make it recognizable. Each line represents a 
definite elevation and is controlled by as many determined heights as 
it is practical to secure, but not a sufficient number to conform to the 
standard of accuracy usually required for contours. 

The Coast and Geodetic Survey has prescribed the use of form 
lines for indicating the relief in Alaska and the Philippine Islands. 
This is because the standard of accuracy required for contours is not 
practicable. As it is important for the benefit of the navigator to 
include a large area of rugged country back from the shore, its gen- 
eral configuration must be indicated and the peaks and hilltops 
charted to serve as landmarks. The representation of relief of this 
nature by form lines is sufficient to meet the needs of navigation, so 
that the great amount of time and expense required for contouring 
would not be warranted. 

Contour and form-line intervals.—' The general requirements are given 
in paragraph 23, part 1. Selection of an interval from those pre- 
scribed depends chiefly on the nature of the country to be mapped. 
The shorter intervals will generally be used in regions where slopes 
are gentle and elevations moderate. 

Hypsometrie tints.—In hypsometric tinting, or the layer system of 
coloring, a scale of gradually shaded tints is used to aid in the reading 
of contours. The area lying between two selected contours is colored 
one tint and that between two others another tint, etc. 

Where there are not too many contours, a different tint 1s used. for 
the area between each successive pair; but where there is a wide 
range of elevation, it is necessary to use each tint for an interval of 
several contours. 

The Coast and Geodetie Survey does not use this system, as the 
information required by the navigator can be shown with less ex- 
pense by contours, or form lines, and hachures. 

Datum plane.— The datum plane for elevations adopted by the Coast 
and Geodetie Survey for topographie work is mean high water. 
The mean high-water line which is considered to be the shore line is, 
therefore, the zero contour. 

The zero contour may be determined with sufficient precision for 
topographic work by reference to the surface of the sea as follows: 
Note the time and determine the height of the tide at that time from 
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the tide tables. For the Atlantic coast the high-water plane above 
the water surface may then be readily determined by subtracting the 
height of tide from the mean range of tide. On the Pacific coast the 
high-water plane above the water surface may be determined from 
the formula 


HW plane— (D+1% Mn) +ht. diff.— ht. of tide 


in which D represents the depression of the datum below mean sea 
level at the reference station (p. 9 of tide tables), Mn, the mean range 
at the reference station; At. dif., the height difference given in Table 
2 of the tide tables, applied algebraically, and At. of tide, the height 
of the local tide as determined above. If the resulting sign is plus, 
the high-water datum is that amount above the water surface, while 
if the sign is minus the high-water datum is that amount below the 
water surface. 

All elevations are of the ground; therefore, the height of trees 
obscuring the ground must be estimated and a note of this estimate 
made on the sheet near the elevation. "There must be no uncertainty, 
whether the elevation given is to the ground or tree tops. 


DIFFERENCES OF ELEVATION 


In order that the relief of a region may be shown by contours, or 
form lines, and hachures, the elevations of a sufficient number of 
points must be obtained, over the region under survey, to enable the 
topographer properly to delineate the lines on the sheet. The num- 
ber of elevations required for the delineation of contours with the 
accuracy prescribed in paragraph 20, part 1, will depend on the 
nature of the country and the skill of the topographer. 

Elevations required for form lines are specified in paragraph 21, 
part 1. As indicated in this paragraph, the requirement of one ele- 
vation for every 4 square inches of sheet should be considered the 
minimum, a larger number being very desirable. 

The topographer should take advantage of every opportunity, dur- 
ing the course of his work, to determine the elevation of points. 
Some of the most useful methods are given below, the first two being 
the ones most used by the Coast and Geodetic Survey : 

1. Vertical angles measured with the alidade, the distance from 
the table being obtained by rod readings or by intersecting cuts. 

2. The degree of slope measured and the corresponding horizontal 
distance between the contours, as determined by tables, stepped off 
on the lines drawn to represent the direction of the slope. 

9. Elevations determined by aneroid barometer. 

4. Lines of levels run across the area to be surveyed and addi. 
tional elevations determined by stadia and vertical-angle traverses. 

5. Elevations determined by the use of the hand level. 
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6. Following each contour by running a traverse, keeping the 
instrument at a constant elevation. 

T. Dividing the area into regular divisions, as quadrilaterals, driv- 
ing pegs at each corner, and then determining the elevation of each 
peg by levels. 

Vertical angles.—' To measure vertical angles, have the plane-table 
level and the alidade striding level in adjustment. Point on the 
object, move the telescope until the object is brought on the central 
horizontal cross hair, and read the angle on the vertical circle of the 
alidade. Without moving the alidade or table, raise or lower the 
telescope until the striding level indicates that.the telescope is level. 
Read the vertical circle. The latter reading is the index correction. 
which must be applied in the proper direction to the first angle. 

The center horizontal cross hair should be checked for adjustment 
several times during the day (see p. 17). A more accurate determina- 
tion of the index correction can be obtained by reversing the stride 
level, reading the vertical circle again with telescope level, and taking: 
the mean of the two readings. As it is difficult to keep the stride 
level adjusted, and as the two readings require only a short time, this 
procedure may be used to advantage for all vertical-angle readings. 

When it is necessary to carry the elevation of the table from sta- 
tion to station, as when running a traverse away from the shore, the 
procedure of reversing the level and revolving the telescope for each 
reading, as described on page 18, should be followed. In all cases 
the alidade may be placed at any convenient location on the sheet for 
observing vertical angles and reading the vertical circle. 

Whenever practicable, elevations should be checked by a second 
vertical angle from another plane-table set-up. 

Distances between the table and objects located by cuts are scaled 
from the sheet; distances by rod readings must be reduced to the 
horizontal. When the rod is held vertical, as is usually the case, a 
second correction for the oblique view of the rod must also be ap- 
plied. Tables are given in the appendix for making these correc- 
tions; also a table to be used when the rod is held perpendicular to 
the line of sight. 

To secure the latter condition, a pointer perpendicular to the rod, 
arranged on a slide so that it can be adjusted to the height of the 
telescope, should be provided. 'The rodman then holds the rod so 
that the pointer is aimed at the instrument. 

Stadia tables can be prepared for obtaining the difference of ele- 
vation directly from an inclined sight. 

Vertical angles to objects at a distance must be corrected for curva- 
ture of the earth and refraction. The correction for curvature is 
about 7 inches for 1 mile and increases approximately as the square 
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of the distance in miles (see fig. 23). Corrections for curvature and 
refraction are given in tables in the appendix. 

Differences of elevation can be computed by means of the hypso- 
graph (see p. 20) or by use of tables given in the appendix. If 
neither is available, the following simple formula may be used: 

Formula for determining heights by a vertical angle and distance.— 
The difference of level consists of two parts—that which arises from 
the angle of elevation above the horizontal plane of the station and 
that which is due to the curvature of the earth. The former depends 
upon the angle and distance, the latter upon the distance and the 
earth’s radius. If @ be the angle of elevation in minutes of arc, d 
the distance, h, the height, then, as the tangent of 1’ is 4445, we have 
for the first part h—44430'd, if h and d are both expressed in the 
same units of length, but if d is expressed in meters and A in feet, 1 
meter being 3.28 feet, we get h=„yza’d. For the fraction +445 we 
may conveniently and with sufficient accuracy put rowy less Jy of 
troop, and thus find the rule: Multiply the distance in meters by the 
number of minutes of avc, point off the thousandth part, and subtract 

\ 


Horizontal Line 


3 miles 


Fig. 23.—Curvature of earth 


the twentieth part of the number thus obtained. This will give the 
first portion of difference of height, whether elevation or depression. 
The second term, depending on the curvature, varies as the square 
of the distance and amounts to 0.29 foot in 1,000 meters, including 
the effect of ordinary refraction. As with the instruments under 
consideration extreme accuracy is not attainable, this term may be 
neglected for distances under 1,000 meters. When the distance is 
greater, we have the following rule: Take the thousandth part of the 
distance in meters, square the same, having regard to the first deci- 
mal figure, and multiply by 0.22. This term is always positive. If 
the first term be an elevation, it is increased; if a depression, it is 
diminished by the second term. 
Example: Distance— 5,500 meters; angle of elevation, 36’. 
rdssd Xa’ =198. 000 rd u, 
subtract „5 9.9 square =30. 
—— multiply by 0.22 


first term 188.1 
second term 6.6 second term 6. 64 


5 
2 


sum 194. 7 — difference of elevation in feet. 
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Height of telescope.— The height of the telescope above the datum 
plane must ordinarily be applied.in the proper direction to the differ- 
ences of elevation. When sighting on a rod, however, the height of 
the telescope above the ground may be eliminated by providing 
a marker on the rod, to be adjusted to the height of the telescope 
above the ground, and sighting on this marker. For ordinary 
topographie work it is sufficiently accurate to estimate the proper 
point on the rod, being guided by the height of the rodman. In 
this manner the elevation of the ground, instead of the height of 
instrument, is carried. 

Step method.— The step method of determining difference of eleva- 
tion consists of noting the intercept on a stadia rod of two of the 
stadia wires and then, in the case of a higher elevation than the 
instrument, lowering the telescope by successive steps, at each step 
placing the upper wire where the lower one was formerly, until the 
telescope is level. The number of steps multiplied by the stadia 
intercept, plus or minus the height of the wire on the rod, gives the 
difference of elevation. The various parts of a tree or points on a 
hillside are used for the stepping of the wires. 

This method is used very little by the Coast and Geodetic Survey, 
because it is easier to read the distance and vertical angle and com- 
pute the elevation with the hypsograph. Moreover, the stadia rods 
are not graduated for this purpose. It is sometimes useful, however, 
for approximating the elevation by estimating the amount of inter- 
cept of the wires on a tree, house, or similar object, at the desired 
distant point. This value, when stepped down, gives an approximate 
difference of elevation. 

Aneroid barometer.— The aneroid barometer is used only occasion- 
ally by the Coast and Geodetic Survey but is a useful instrument 
for measuring elevations in rough topographic surveys away from 
the coast. This instrument is a barometer with a circular dial 
graduated to read elevations in accordance with the principle that 
the barometrie pressure is different at different elevations. A 
change in the atmospheric conditions, however, will indicate on the 
instrument à change in elevation, although the barometer is not 
moved in elevation. For this reason the aneroid must be set at the 
correct elevation at a station whose elevation is known in accordance 
with the existing atmospheric condition at the beginning of the 
day's work and again compared at the end of the day, as well as 
several times during the day, and the readings taken between com- 
parisons corrected. 

If it is impossible to compare the aneroid barometer during the 
day, hourly readings can be taken on a stationary barometer by 
some one left in camp and the aneroid readings later corrected in 
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accordance with these hourly observations. This might result in 
considerable adjustment of contouring which was done during the 
day. 

am. level.—The hand level is sometimes used, but not often. It is 
a small, short telescope of low magnifying power fitted with cross 
hairs and a horizontal level that can be seen when looking through 
the telescope. In going upgrade, ihe observer sights at some object 
which the bubble shows to be on a level with his eye, walks to that 
point, sights on another object equal to the elevation of his eye, 
moves to that place, and so on. The final elevation is the height 
of his eye above ground multiplied by the number of sights. 

For going downhill, the observer points on the place where he 
stood previously—the reverse of the rising-elevation method. 


CONTOURING AND FORM LINING 


The representation of relief by contours or other methods should 
be done in the field, where the features can be seen. The practice 
of obtaining elevations, drawing only a few master lines, and then 
completing the contouring or form lining in the office should never 
be followed, as it will lead invariably to gross errors. The value 
of the plane table depends upon all features being mapped while 
visible. 

Topographie forms.—In order to carry on his work successfully the 
topographer should know something about the geologic structures 
composing the earth's surface—the way in which the various rocks 
have been upheaved, eroded, folded, or deposited—as weil as the vari- 
ous methods of showing the relief. Without this knowledge he is 
unable to see topographic forms in their proper shapes and propor- 
tions and reproduce them on the map faithfully. He must know 
what to look for in order to visualize properly. Knowing how the 
features were formed by nature enables him to generalize better. His 
duty is to select the most significant features and omit unimportant 
details. It is not merely a question of representing the biggest 
things and, omitting the small ones. If he is not careful, his map 
may be indefinite or expressionless. The contours may be too rounded 
and sweeping or too sharp and angular. 

In general, a country of recent geologic age, called a new country, 
will have cliffs, steep slopes, sharp ridges, narrow valleys, and high 
summits, especially if composed of hard rock. The contours will be 
close together and the angles comparatively sharp. An old country 
wil have been eroded so that the hill or mountain tops will be 
rounded, the slopes gentle, stream beds wide and with a small gra- 
dient, and much deposit at the base of the hills. "The country will be 
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rolling. Hence, the contours will be rounding and have few sharp 
turns. i 

Contouring.—Every effort should be made to draw in the contours 
so that an accurate and comprehensive representation of the relief 
is given. It is best to work from a summit downward, but this is 
usually impracticable in the work of the Coast and Geodetic Survey, 
as the topography is mostly along the coast. 

The general drainage system should be studied, as this knowledge 
is of material assistance in estimating the master lines. It should be 
noted that great differences of elevation give short, narrow valleys 
and ridges and steep slopes; that swift streams usually have straight 
channels and slow streams crooked channels. 

As a basis for contouring, the topographer, at each plane-table 
set-up, should sketch in the ridge and valley lines that can be seen, 
showing the main and subordinate summits, saddles, junction of 
ridges, and the starting points and junctions of drainage channels. 
'This sketch may be corrected from time to time as additional infor- 
mation is secured. 

A definite system of showing such lines, as a two dot and one dash 
line for ridges and a dot and dash line for valley lines, should be 
adopted. 

It is often desirable to draw a rough form-line sketch to show the 
estimated position of each multiple of the 500-foot contour, or to 
show some decided change in slope, an unusual feature, or the relation 
to the ridge or valley line of a recognizable object, such as a rock, 
bush, or dead tree, to which a cut has been taken. By estimating the 
distance or elevation of an object sighted on, the corresponding ele- 
vation or distance can be determined by computation, using the verti- 
cal angle. The comparison of the relative position of points will 
often assist in estimating heights and distances. 

When occupying a control station at an elevation, the topographer 
should take advantage of the opportunity to sketch in the surround- 
ing territory, cutting to various features and estimating distances or 
relative elevations by means of vertical angles. 

When the alidade is set up at the foot or head of a slope it may be 
adjusted to parallel the slope and the vertical angle read. By enter- 
ing the tables with the vertical angle, the horizontal distance between 
contours along the slope can be determined and plotted. 

It is a decided help in contouring if an elevation is determined on 
a valley line equal to one on a ridge. This fixes the position of the 
same contour on the ridge and in the valley. The other contours can 
then be drawn with the proper degree of parallelism to the first con- 
tour. 

The topographer should train his eye to judge elevations and dis- 
tances by making mental estimates before determining the correct 
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elevation or distance. Caution must be exercised to avoid foreshort- 
ening when looking over water, or with the sun at the back of the 
observer, or with the object in a bright light, as under these condi- 
tions the objects look nearer than is actually the case. The contrary 
is true over undulating ground or uphill. 

A. false idea of a mountainous country must not be given by show- 
ing on the sheet only detached “summits of a ridge. The ridge 
line should be dotted in and the appropriate note given, or it should 
be indicated by the symbol for form lines of no definite interval 
(see p. 108). 

Form lining.—The process of form lining is the same as contouring 
except that, as fewer elevations are obtained, more estimating is 
necessary. As the experience of the topographer and the number of 
determined elevations increase, the accuracy of form lines approaches 
that of contours. 

In many regions where form lines are used the area along the 
shore is so steep and mountainous that it is difficult to determine 
the required number of elevations or to find set-up points from 
which the locality can be viewed. A valuable procedure in such 
cases is to obtain the required data from a ship or launch located 
some distance offshore. 

'This method, which is described below, is also valuable for verify- 
ing form lines or contours that have been delineated from shore 
stations, since the topographer has the same viewpoints as the 
mariner who will use the features for the navigation of his ship. 

After the topographer has obtained as much information as 
practicable from shore stations, he proceeds to a suitable position 
offshore where the vessel stops. The position of the vessel is deter- 
mined by sextant angles between three control objects on shore and 
plotted on the topographic sheet (usually protected by a covering of 
tracing paper or cloth) by means of a three-arm protractor. Angles 
are then measured with a sextant between one of the control stations 
and the various features—hilltops, changes in ridge lines, and the 
like—that are to be located. 

The vertical angle between the summit of the feature and the 
water line directly under the point is measured in each case with 
a sextant. All angles should be recorded and the cuts plotted on 
the sheet. 

The ship then proceeds to a new position, where sextant cuts to 
the features sighted at the first position and to additional points are 
taken and plotted. This procedure is repeated at successive posi- 
tons until all features to be mapped have been located by three 
intersecting cuts. 

Elevations are computed from the distances scaled from the sheet 
and the vertical angles, the latter being corrected, by means of the 
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tables in the appendix, for (1) the height of the observer's eye, (2) 
refraction, (3) curvature of the earth, and (4) the angle of depres- 
sion of the shoreline below the horizon. 

At each position the topographer sketches the ridges, valley lines, 
etc., in the same manner as at shore stations and, as soon as sufficient 
information is obtained, draws in the form lines. 

There should be no appreciable change in the vessel's position while 
the position angles and cuts are being obtained at a station. If 
there is any wind or current, it may be necessary to take a position 
for each cut or to use several observers who will observe the position 
angles and the cuts to various features simultaneously. 


AUXILIARY METHODS 
Under certain conditions there are various methods that can be 


used to supplement the plane table in topographic work. The most. 
useful of these methods are described below. 


--- 9 
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Fig. 24.—Survey of shore line with sextant 


Inaccessible shore line.—When it is impossible to land on the shore 
or to travel along it, or to reach from a control station an area be- 
tween cliffs, the following method can be used to obtain the topo- 
graphy of the shore line (see fig. 24) : 

From a boat offshore near the edge of the mapped portion obtain 
position No. 1 of the boat by measuring with the sextant the two 
angles between three stations (A, B, and C) whose positions are 
known. Take angles with the sextant from one of these stations to 
points or recognizable objects along the shore to be mapped, as ~ and 
y. Move to a new location, No. 2, determine the boat's position, and 
take cuts to the same objects as before and additional ones farther 
ahead. Repeat at a third station. This gives an intersection by 
three cuts to some of the points and consequently locates them. Now 
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the process can be continued by using as known points the position 
of the objects just located to determine the position of the boat. 
Sketch in the shore line between the points located. 

Carrying auxiliary traverse.— Where an unimportant traverse is to 
be run, the foresights are short, and only a moderate degree of 
accuracy is required—such as running out a trail, a small stream, a 
traverse to obtain elevations, etc.—any of the following methods may 
be used. In all cases where the topographic features are not drawn 
in the field but notes taken for their determination, the notes should 
be accompanied by sketches and the features plotted on the sheet at 
the first opportunity while the facts are fresh in the mind of the 
topographer. 

Skip set-ups; orienting with the declinatoire.—Set up at 5 where a 
known point A can be seen. Orient the table with the declinatoire 
and resect on A. Draw a short line along the edge of the alidade at 
the estimated position of the table. Read the stadia distance to A. 
With this distance, plot the position B of the table on the line drawn. 
Take and plot a foresight to C. Move the table to a point D beyond 
C, but where C can be seen. Orient with the declinatoire and read 
the distance back to € and continue as before. 

Compass and pacing.— The azimuth may be carried by a prismatic 
compass, and the distance by pacing, courses and distances being 
recorded in a notebook and plotted later. A sketch is drawn of the 
traverse as progress is made. Care must be taken to indicate whether 
the azimuth reads from the south or north as zero. 

Standardize the pace by walking over a known distance between 
two located points on level ground and on a slope. Do not try to 
step a certain distance but walk naturally. Count every fourth step— 
that is, every other step of either foot. This is much easier and less 
apt to cause mistakes than counting every step as the slow rhythm 
is a decided help in keeping the count. A few trials will soon tell 
the pacer just how many steps he takes for a hundred meters on level 
ground and how many in going down or up a grade. If 100 paces 
equals 80 meters on level ground and uphill only 60 meters, then to 
reduce the count when going uphill to that of level ground, skip the 
count of one set after every third count of a set of four steps. 

Likewise, get the comparison of pace going downhill to that on 
level ground. Then by dropping or adding one every third, fourth, 
or fifth count as required, the pacer can walk uphill, downhill, and 
on level ground intermittently, and when he reaches his destination, 
reduce his count to meters as if he had been going over level ground 
continuously. 

When using this method of prismatic compass and pacing, stand 
&t a known point, sight with the prismatic compass to some point 
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ahead, note the reading of the compass, and pace to the point. 
Repeat to successive points until a tie can be secured on the main 
traverse or control. Adjust as explained under adjustment of tra- 
verse. This method is especially adapted to securing an indefinite 
shore line back of a mangrove swamp. 

Prismatie compass sextant and stadia.— Where it is impossible to walk 
or set up the plane table, such as in running out lanes or channels in 
mangroves, three methods can be used. In each case a sketch must 
be made as the traverse progresses, stations numbered, notes taken 
and plotted on the sheet in the office. 

(a) Lay the board across the stern of a small boat. Rest the 
alidade on this board and, everybody in the boat being perfectly 
quiet, read the distance on the stadia. Carry the azimuth by pris- 
matic compass. The rodman goes ahead in a second boat and at 
each turning of the channel gives a rod reading, marking the point 
by breaking off a branch or tying a strip of cloth on a branch. The 
topographer follows, stopping at each point just quitted by the 
rodman. 

(b) The same as in (a), except that the tripod legs are lashed to 
a pole. The pole is stuck in the mud, thus supporting the table on 
which the alidade is placed to read the stadia distance. Sometimes 
the azimuth also can be carried with the alidade as in regular work. 

(c) Measure a length of 9.544 feet on 2 rod. "This will subtend 
100’ of arc at a distance of 100 meters. Then the number of minutes 
subtended by this length on the rod is inversely proportional to the 
distance of the rod from the observer. The subtending angle is 
measured with a sextant. The azimuth is carried by prismatic 
compass. 

The rodman goes ahead of the topographer in a boat. At the turn- 
ing point selected he holds up (horizontally) the rod on which the 
above length has been indicated by paint or bands of cloth. The 
topographer from his starting point measures with a sextant the 
angle subtended by the length on the rod. Say it is 50 minutes. 
Then the distance to the rod is 100 multiplied by 100 and divided by 
50, or 200 meters. The azimuth is obtained with the prismatic com- 
pass, the points are marked, and the topographer follows the rodman, 
as in case (a). 

Use of boat for observing platform.—The following method has been 
used to advantage in shallow water: A large flat-bottom boat is 
fitted with two loops on each side and a three-armed high-sided well 
in the bottom (see fig. 25). Poles are stuck through the four loops 
into the mud, thus holding the boat rigid. Three stakes, one in each 
arm of the well, are driven into the mud, their tops level with the 
water, The tripod legs are set on the tops of these stakes, Thus, 
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the plane table is set up and the boat used as a platform on which 
the topographer stands, it being prevented by the poles from jarring 
the table. The table is then used in the customary manner. 


JUNCTION OF SHEETS 


The topographer must always remember that each field sheet is 
only one of many that go to make up the published chart or map. 
His sheet will join that surveyed or to be surveyed by some other 
topographer. Consequently, special care should be taken to see that 
the work on the edges of his sheet is adequately controlled and sur- 


Fig. 25.—Use of boat as observing platform 


veyed with a minimum of error. In the Coast and Geodetic Survey 
the shore line delineated on a sheet usually terminates at a control 
station. There is no such fixed point for the contours, however. 
The ends of the contours, therefore, should be given special care 
and not drawn beyond the distance of his shore line unless warranted 
by the control. On the other hand, it must be remembered that the 
edge of the adjoining sheet also will be difficult to contour. There- 
fore, the topographer should carry his survey to a logical connection 
with the adjoining sheet. 

Slight discrepancies should be adjusted by the topographer, but 
should the discrepancies be of a magnitude which can not be recon- 
ciled by slight adjustments, then the new work should be carried to 
a point where a good joining can be effected. Should the old work 
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require radical revision, additional instructions should be requested. 
All discrepancies on adjoining contemporaneous sheets must be recon- 
ciled by the field parties. 

Extension on subplan.—It is sometimes desired to include on a sheet 
a small area that lies just beyond the edge of the sheet. A con- 
venient method of accomplishing this is illustrated in Figure 26. 
Set-up point No. 1 having been established from control station a, 
it is desired to extend the work a short distance beyond point No. 
1. The procedure is as follows: 

On an unused part of the sheet lay off the limits of a subplan of 
suitable size. The projection lines of the sheet are also used for 


Fic. 26.—Extension of work on subplan 


the subplan, their designations being changed so that the subplan 
covers the area desired. "Thus, in the illustration, the projection line 
for the meridian 120° 02’ on the sheet becomes the line for the 
meridian 120° 05’ on the subplan; the line for latitude 39° 07’ is 
changed to latitude 39° 04’, etc. 

Plot the position of set-up point No. 1 on the subplan (at point 
No. 1’) in its proper position with respect to the projection lines 
of the plan. Set up and orient the table at point No. 1 on the 
ground, using the positions plotted on the sheet and the orientation 
lines that were drawn for the cut from station a. As the same 
projection lines are used both for the sheet and subplan, the table 
is also properly oriented for work on the latter. Continue work in 
the usual manner from point No, 1’ on the subplan. 
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If a cut has been observed to some object from a previous station, 
such as station a, it can be transferred to the subplan and used with 
other cuts, observed from stations plotted on the plan, to locate the 
object. 

'This method can also be used to survey a small area on a larger 
scale than the rest of the work. In all cases, on account of the 
change in length of intervals between projection lines, this proce- 
dure must be confined to the survey of small areas and to work on 
scales of 1:20,000 or larger. 


NOTES 


The topographer should keep a notebook in which to enter the 
following information, obtained during the course of the survey. He 
should rely on memory as little as possible. 

1. Geographic names and information concerning them as required 
by paragraph 64, part 1. 

2. General information for the descriptive report (see pars. 65 
and 66, p. 1). 

3. Description of objects to which cuts are taken. 

4. Statistics required (on Form 21) for reports of field work. 

5. Coast Pilot notes (see par. 61, p. 1). 

6. Miscellaneous information. 

It is well to form the habit of making copious notes as the suryey 
progresses. Often the writing of notes on one subject will call the 
attention of the writer to other information desired which he might 
otherwise have failed to obtain. 


REVISION SURVEYS 


Revision surveys are one of the most difficult classes of topographic 
work that the topographer will encounter. To make a proper 
revision quickly and yet show clearly all new features as well as 
those previously mapped that have either changed in position, were 
erroneously located by the old survey, or are no longer in existence, 
requires great skill and the utmost care to avoid confusion or doubt 
when the changes are noted in chart compilation. 

Many of the old surveys show much detail and conform to the 
present standards of accuracy. When new surveys disagree with 
the old, it is impossible for the cartographer to reconcile the differ- 
ences unless they are shown clearly, with a preponderance of evidence 
in favor of the new work. When a new position of a rock is given, 
the cartographer is unable to ascertain, from the delineation on the 
sheet, whether there are two rocks or, if only one rock, which of the 
positions is correct. If one rock awash is shown where the old survey 
shows two such rocks, the former survey may be in error or the 
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revision topographer may have carried on his work when one of the 
rocks was covered. ; 

If there are changes in the shore line, the cartographer may have 
difficulty in fitting the details of former surveys to the new work 
unless decisive information is furnished by the revision topographer. 

One of the most important duties of the topographer engaged in 
revision work, therefore, is to note and investigate all discrepancies 
between the new and old work and to furnish complete and definite 
information, either by notes on the sheet or in the descriptive report, 
for the guidance of the cartographer. 

The value of information such as is given in the two sample notes 
below is obvious: 

'The rock 100 meters northeastward of Point High, as located by the survey, 
is 45 meters south of the position given by the old survey (topographic sheet 
3623). It was located on the present sheet by an exact intersection of three 
cuts from triangulation stations Dog, Hall, and Sun. It was definitely estab- 


lished by an examination at extreme low water that there is only one rock in 
this locality. 


The positions of the two rocks in the entrance to Narrow Inlet was verified 
by the resurvey. The old survey shows both rocks extending above high 
tide. On April 3, 1927, at 3.15 p. m. (2 hours before high tide according to the 
tide tables), it was noted that the northern rock was only about 3 inches above 
water, and it is therefore shown as a rock awash. 

For revision surveys the topographer is usually furnished with 
bromide copies of the original surveys and a list of control stations. 
He should first make a visual comparison of the old survey with 
existing features, noting the extent of changes. 

If there are few changes and numerous control points, it is some- 
times practicable to use the bromide for a plane-table sheet. New 
features, changes, and features to be removed are shown in colored 
ink, as prescribed in paragraph 53, part 1. 

The use of bromide copies, as indicated above, however, is very lim- 
ited, as the paper is brittle and subject to large distortion. For sur- 
veys of any great extent it is desirable to use standard topographic 
sheets. A projection is constructed as for ordinary topographic 
work, and the parts of the old survey to be revised are transferred 
from the bromide. 

The old work should be traced on tracing paper (not cloth) and 
transferred lightly to the topographic sheet by means of transfer 
paper. Special, thin, red, hard-finish transferring paper is fur- 
nished by the office of the Coast and Geodetic Survey, or satisfactory 
paper can be made in the field by scraping the lead of a very soft 
pencil on a thin sheet of paper and rubbing the powdered lead into 
the paper. Ordinary carbon paper should not be used. 
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When work is done in this manner, the bromide should be carried 
with the topographic sheet, so that comparisons can be made at any 
time. 

When surveying along an outer beach, the entrance points to in- 
dentations must be surveyed back to a point where the old and new 
shore lines coincide. Islands in entrances should be surveyed in the 
same manner. i 

Occasionally minor corrections are made directly on an existing 
chart when the chart has a scale of 1: 40,000 or larger. 

Care must be exercised that the size of new features is not exagzer- 
ated but kept to the same scale as the chart. These corrections are 
inked in red. The corrected chart is considered as a topographic 
sheet in all respects and is subject to the same requirements for field 
and office work by the field party as an original sheet, in so far as 
they apply. 

If a minor revision is to be made, such as locating a new dock when 
a projection is not possible because geographic positions of control 
points are lacking, no bromide copy of the original survey is on hand, 
and the existing chart is on too small a scale, the revision can be made 
on a plane-table sheet as for à survey without control. From some 
starting point clearly indicated on the new work, such as a corner of 
the dock, lines are drawn to three or more visible and charted ob- 
jects, such as stacks, rocks, points of shore line, or tangents to islands. 
The work is then executed with this orientation. The chart compiler 
ties the revision onto the existing survey with these lines. A note 
must be made on the sheet as to the scale of the work, because, if it is 
omitted, the cartographer has no way of.determining the scale. Part 
of the adjacent shore line or charted topographic features should be 
determined for an additional tie or check. 


PHOTOGRAPHY 


Although photographic methods of topographic surveying have 
been used for many years, the advent of the airplane has increased 
the importance of this branch of the work. 

The usual topographic requirements for chart construction are 
for a survey of a comparatively narrow strip along the coast. "This 
simplifies the use of aerial phototopography by the Coast and 
Geodetic Survey. 

The fitting of the photographs to the linear distances between the 
control points, with corresponding lateral expansion or contraction, 
forms the basis of adjustment. Machines have been invented to 
transfer topographie features, including contours, directly from 
aerial photographs to the map, 
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The methods of taking photographs and for reproducing the in- 
formation on maps are in process of development as this is written, 
and no attempt will be made to describe them here. 

The most extensive use of aerial photography for mapping by the 
Coast and Geodetic Survey is described in Special Publication No. 
105. Aerial Survey of the Mississippi River Delta. 


Part 4.—OFFICE WORK 


On days when field work can not be done, advantage should be 
taken of the opportunity to compute elevations, sketch in form 
lines smoothly that have been indicated or drawn roughly in the 
field, make adjustments of traverse, refresh features that have be- 
come dim, make notes on the sheet, plot auxiliary surveys, and write 
notes for the descriptive report. No inking should be done until 
the sheet is completed. If these things are done while the details are 
fresh in the mind of the topographer, many errors and subsequent 
hard work will be avoided. 

It is taken for granted that the topography as drawn in the field 
is correct when the sheet is finished, and no office amendments or 
changes are admissible. 


INKING SHEETS 


As prescribed in paragraph 32, part 1, no inking 1s to be done on 
the sheet until all field work on it is completed. An inked or par- 
tially inked sheet may be ruined by exposure to the weather or by use 
on the plane table. 

In inking a topographie sheet the lines and objects should be clear 
and sharply, defined, nothing being left obscure or doubtful. The 
paper should be kept as clean as possible, erasures should be avoided 
as far as practicable, and the style and strength of the drawing 
should be the same throughout. It is important that an easy and 
natural appearance should be given to the sheet; more than a mere 
rigid adherence to conventional symbols is necessary. While there 
should be no deviation as regards symbols, at the same time the drafts- 
man should strive to represent the country as it actually appears. 

There is a great difference with regard to this among topographers. 
Comparing two correct sheets of the same section of ground, executed 
by different persons, one may have a stiff and ungraceful look, while 
the other will appear artistic and natural, giving at once the impres- 
sion of a true representation of the country surveyed. 

The inking should begin with the high and low water lines. The 
high-water line, or shore-line proper, should be full and black, the 
heaviest line on the sheet, and in this, as in all the rest of the ink 
work, strict adherence to the lines of the surveyor should be observed. 
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The low-water line is drawn, not so full as the high-water line, but 

clear, black, and uniform; it should consist of a dotted line for sand 

and mud and the conventional symbol where it is formed by shells, 
rocks, or coral reefs. 

Neither the inner border of a marsh nor a shoal covered at high 
tide has a distinct continuous line to mark its limits, each being 
represented in its proper form and within its area by its conventional 
symbol only, but the shape should be well and correctly defined. All 
objects between high and low water, covered at full tide, should be 
represented less boldly than the other features on the sheet, but not 
faintly or indefinitely. 

Roads should be inked plainly and evenly, with their sides parallel, 
except where the survey shows a deviation from the general width. 
Care must be taken that the corners and angles of houses, wharves, 
etc., exhibit a sharp, clear outline, which adds much to the appearance 
of the sheet. 

The general skeleton of the survey being now completed, the con- 
tours are drawn with bold, uniform, plain, red lines (without breaks, 
except for the contour numbers) over all the other work, following 
accurately the full range of level of each of the contours on the 
sheet. 

After this comes the general filling in, by conventional symbols, 
of sand, marsh, grass, cultivation, orchards, rocks, hachures, etc. 
Some practice is needed to execute the sand work regularly and 
neatly. It should never be done hurriedly, though, of course, rapid- 
ity in this respect follows practice. The lines representing marsh, 
and the delineation of grass on the fast ground, should always run 
in the same direction over the whole sheet and be parallel to the 
parallels of latitude of the sheet. 

The standard symbols adopted by the United States Board of 
Surveys and Maps, and several reproductions of sections of topo- 
graphic sheets, are given in the appendix. 

It is expected that every topographer shall have learned to draw 
sufficiently well to ink his sheet in a clear and distinet manner and 
letter it with some regard to neatness and graphic effect, as the 
appearance of an otherwise well-inked sheet is marred by careless 
or indifferent lettering. Accuracy, neatness, and clearness are neces- 
sary, rather than fine draftsmanship. 

Names should be so located on the sheet that they will not cover 
or obliterate any detail or feature of the survey. The letters should 
be put on neatly and gracefully and should conform in style to the 
standard lettering shown in Figure 37, page 114. Strict adherence to 
simplicity should be observed; no illuminated or German text, old 
English, or what is known as “ fancy printing ” should be used. The 
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use of capitals and lower-case letters and the graduation in sizes of 
letters will depend on the relative importance of the features named. 
(See pars. 45 to 48, pt. 1.) 

The lettering should be placed, as far as practicable, so that it can 
be read easily when the sheet is held with the top (the north end 
of the map) away from the observer; that is, as nearly parallel with 
the north side of the sheet as the work will permit. 

When buoys are located by the topographer, their names, colors, 
numbers, etc., should be indicated by notes. 

Requirements for inking revision work are given in paragraphs 
53 and 54, part 1. After the inking is completed, it will usually be 
necessary to freshen the unrevised work which is left in pencil. 


APPENDIX 
MISCELLANEOUS TABLES 


TABLE 1.—For reducing readings of inclined sights on a rod held perpendicular to 
the line of sight 


Hypotenuse 
Angle 
(degrees) 
100 meters 200 meters 300 meters 400 meters 500 meters 
5 99. 62 199. 24 298. 86 398. 48 498. 10 
10 98. 48 196. 96 295. 44 393. 92 492.40 | 
15 96. 59 193. 19 289. 78 386. 37 482.96 | 
20 93. 97 187. 94 281. 91 375. 88 469.85 | 
25 90. 63 181. 26 271. 89 362. 52 453. 15 j 
30 86. 60 173. 21 259. 81 346. 41 433. 01 
35 81. 92 163. 83 245. 75 327. 66 409. 58 
40 76. 60 153. 21 229. 81 306. 42 383. 02 
45 TOPTI 141. 42 212. 13 282. 84 353. 55 
PEWbe SE AA REAA iiio dN ct E RE | 


NOTE.— When it is desired to have the rod perpendicular to the line of sight, a sighting pointer must be: 
provided on the rod as explained on page 77. 


TABLE 2 
FOR REDUCING READINGS OF INCLINED SIGHTS ON A VERTICAL ROD 


Two corrections are to be applied—one to reduce the inclined distance to a 
horizontal one and one for the oblique view of the rod. 
The equation for reducing the readings is: 


Horizontal distance=r cos? v+(c+f) eos v 


Where r=reading of vertical rod; 
v=angle of elevation or depression; 
c=distance of object glass to center of instrument; 
f=focal length of telescope. 


The following table gives the coefficient of reduction by which the rod reading: 
is to be multiplied. It is based on the assumption that c+f is to be added 
to the result, to obtain the distance to the center of the instrument, if necessary. 

Example: Given an angle of elevation or depression 8° 10' and the reading 
of the inclined sight on vertical rod=173.1 meters. 

From the following table: 


Meters 

Factor for 1 meter for 8° 10’ multiplied by 100... 97.98 
Factor for 7 meter for 8° 10’ multiplied by 10-----------_-_________ 68. 59 
Huclorstor23 metersfores p [0 99-35 = See e EM ee 2.94 
I ctormtomoswmeterifor39510'7 1 .—— —- 22 TEE .09 
Horizontal stances. E ee ee ee ee ee ee 169. 60: 


To which c+f is to be added. 
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TABLE 2—Continued 


COEFFICIENTS FOR REDUCING READINGS OF INCLINED SIGHTS ON A VERTICAL 


ROD TO HORIZONTAL DISTANCE 


Horizontal projection of— 


4 
Tm. 2m. 3m. 4m. 5m. 6 m. 7 m. 8m. 9m. 
0.99999 | 1.99998 | 2.99997 | 3.99997 | 4.99996 | 5.99994 | 6.99994 | 7.99993 8. 99993 
.99997 | 1.99993 | 2.99990 | 3.99986 | 4.99983 | 5.99980 | 6.99977 | 7.99973 8. 99970 
.99992 | 1.99984 | 2.99977 | 3.99969 | 4.99962 | 5.99954 | 6.99946 | 7.99939 8. 99932 
.99986 | 1.99973 | 2.99959 | 3.99946 | 4.99952 | 5.99919 | 6.99905 | 7.99892 8. 99878 
.99979 | 1.99957 | 2.99936 | 3.99915 | 4.99894 | 5.99873 | 6.99852 | 7.99831 8. 99810 
. 99970 | 1.99939 | 2.99909 | 3.99878 | 4.99848 | 5.99817 | 6.99787 | 7.99757 8. 99726 
.99959 | 1.99917 | 2.99875 | 3.99834 | 4.99793 | 5.99752 | 6.99711 | 7.99669 8. 99628 
.99946 | 1.99891 | 2.99838 | 3.99783 | 4.99729 | 5.99676 | 6.99622 | 7.99568 8. 99514 
.99932 | 1.99863 | 2.99794 | 3.99725 | 4.99657 | 5.99589 | 6.99520 | 7.99452 8. 99384 
.99915 | 1.99831 | 2.99746 | 3.99659 | 4.99572 | 5.99489 | 6.99406 | 7.99323 8. 99239 
.99908 | 1.99801 | 2.99693 | 3.99500 | 4.99488 | 5.99386 | 6.99284 | 7.99182 8. 99080 
.99878 | 1.99756 | 2.99635 | 3.99513 | 4.99391 | 5.99269 | 6.99147 | 7.99025 8. 98904 
. 99857 1. 99714 2. 99571 3. 99428 4. 99285 5. 99142 6. 99000 7. 98857 8. 98714 
.99834 | 1.99669 | 2.99503 | 3.99337 | 4.99171 5.99006 | 6.98840 | 7.98675 8. 98509 
.99810 | 1.99620 | 2.99129 | 3.99239 | 4.99049 | 5.98859 | 6.98669 | 7.98479 8. 98289 
.99784 | 1.99568 | 2.99351 | 3.99135 | 4.98918 | 5.98702 | 6.98485 | 7.98268 8. 98053 
.99756 | 1.99511 | 2.99267 | 3.99023 | 4.98778 | 5.98534 | 6.98290 | 7.98046 8. 97802 
.99726 | 1.99452 | 2.99178 | 3.98904 | 4.98630 | 5.98357 | 6.98083 | 7.97809 8. 97635 
.99695 | 1.99390 | 2.99085 | 3.98780 | 4.98474 | 5.98169 | 6.97865 | 7.97560 8. 97255 
.99662 | 1.99324 | 2.98086 | 3.98648 | 4.983090 | 5.97972 | 6.97634 | 7.97296 8. 96958 
.99627 | 1.99255 | 2.98882 | 3.985090 | 4.98136 | 5.97764 | 6.97391 | 7.97019 8. 96646 
.99591 | 1.99182 | 2.98773 | 3.98364 | 4.97955 | 5.97546 | 6.97137 | 7.906728 8. 96319 
.99553 | 1.99106 | 2.98659 | 3.98212 | 4.97765 | 5.97318 | 6.96871 | 7.96424 8. 95978 
.99513 | 1.99027 | 2.98540 | 3.98054 | 4.97567 | 5.97081 | 6.96595 | 7.96108 8. 95621 
.99472 | 1.98944 | 2.98416 | 3.97888 | 4.97360 | 5.96832 | 6. 96304 | 7.95776 8. 95249 
.99429 | 1.98858 | 2.98287 | 3.97716 | 4.97145 | 5.96574 | 6.96003 | 7.95432 8. 94862 
.99384 | 1.98769 | 2.98153 | 3.97537 | 4.96922 | 5.96306 | 6.95691 | 7.95075 8. 94460 
.99338 | 1.98676 | 2.98014 | 3.97352 | 4.96690 | 5.96028 | 6.95366 | 7.94704 8. 94043 
.99290 | 1.98580 | 2.97870 | 3.97160 | 4.96450 | 5.95740 | 6.95030 | 7.94320 8. 93611 
.99240 | 1.98481 | 2.97721 | 3.96961 | 4.96202 | 5.95443 | 6.94683 | 7.93923 8. 93164 
. 99189 | 1.98378 | 2.97567 | 3.96756 | 4.95945 | 5.95134 | 6.94323 | 7.93512 8. 92702 
.99138 | 1.98272 | 2.97408 | 3.96544 | 4.95680 | 5.94816 | 6.93952 | 7.93088 8. 92224 
.99081 | 1.98163 | 2.97244 | 3.96326 | 4.95407 | 5.944890 | 6.93570 | 7.92652 8. 91733 
.99025 | 1.98050 | 2.97075 | 3.96100 | 4.95125 | 5.94150 | 6.93175 | 7.92200 8. 91225 
.98967 | 1.97934 | 2.96901 | 3.95868 | 4.94835 | 5.93802 | 6. 92769 | 7.91736 8. 90703 
.98907 | 1.97814 | 2.96722 | 3.95630 | 4.94537 | 5.93445 | 6.92358 | 7.91260 8. 90167 
.98846 | 1.97692 | 2.96538 | 3.95384 | 4.94230 | 5.93077 | 6.91923 | 7.90769 8. 89615 
.98783 | 1.97566 | 2.96349 | 3.95132 | 4.93915 | 5.92698 | 6.91481 | 7.90264 8. 89048 
.98718 | 1.97436 | 2.96155 | 3.94873 | 4.93591 | 5.92310 | 6.91029 | 7.89748 8. 88467 
.98652 | 1.97304 | 2.95956 | 3.94609 | 4.93261 | 5.91913 | 6.90566 | 7.89218 8. 87870 
.98584 | 1.97169 | 2.95753 | 3.94337 | 4. 92921 | 5.91506 | 6.90090 | 7.88674 8. 87259 
.98515 | 1.97030 | 2.95544 | 3.94059 | 4.92574 | 5.91089 | 6.89604 | 7.88119 8. 86634 
.98444 | 1.96888 | 2.95331 | 3.93775 | 4.92218 | 5.90662 | 6.89105 | 7.87549 8. 85993 
.98371 | 1.96742 | 2.95112 | 3.93483 | 4.91854 | 5.90225 | 6.88596 | 7.86967 8. 85337 
.98296 | 1.96592. 2.94889 | 3.93185 | 4.91481 | 5.89777 | 6.88073 | 7.86370 8. 84667 
. 98220 | 1.96441 | 2.94661 | 3.92881 | 4.91101 | 5.89322 | 6.87542 | 7.85762 8. 83982 
.98142 | 1.96285 | 2.94427 | 3.92570 | 4.90712 | 5.88855 | 0.86997 | 7.85140 8, 83282 
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TABLE 2—Continued 


COEFFICIENTS FOR REDUCING READINGS OF INCLINED SIGHTS ON A VERTICAL 


ROD TO HORIZONTAL DISTANCE 


Horizontal projection of— 


Angle of 
inclina- 
bon 1m. 2m. 3m. 4m. 5m. 6m. 7 m. 8m. 9 m. 

Gy 

8 00 0.98063 | 1.96126 | 2.94189 | 3.92252 | 4.90315 | 5.88378 | 0.86441 | 7.84504 8. 82568. 

10 97982 | 1.95964 | 2.93946 | 3.91928 | 4.89910 | 5.87892 | 6.85874 | 7.83856 8. 81839 

20 97899 | 1.95708 | 2.93698 | 3.91508 | 4.89497 | 5.87396 | 6.85296 | 7.83196 8. 81096 

30 97815 | 1.95630 | 2.93446 | 3.91261 | 4.89076 | 5.86891 | 6.84707 | 7.82522 8. 80337 

40 97729 | 1.95459 | 2.93188 | 3.90918 | 4.88647 | 5.86377 | 0.84106 | 7.81836 8. 79565. 

50 97642 | 1.95284 | 2.92926 | 3.90568 | 4.88209 | 5.85851 | 6.83493 | 7.81134 8. 78777 

9 00 97553 | 1.95106 | 2.92658 | 3.90211 | 4.87764 | 5.85317 | 6.82870 | 7.80423 8. 77975 

10 97462 | 1.94024 | 2.92386 | 3.89848 | 4.87310 | 5.84772 | 6.82234 | 7. 79696 8. 77159 

20 97370 | 1.94740 | 2.92110 | 3.89480 | 4.86849 | 5.84219 | 6.81589 | 7.78959 8. 76328 

30 97276 | 1.94552 | 2.91828 | 3.89104 | 4.86379 | 5.83655 | 6.80931 | 7.78207 8. 75483 

40 97180 | 1.94361 | 2.91542 | 3.88722 | 4.85902 | 5.83083 | 6.80263 | 7.77444 8. 74624 

50 97083 | 1.94166 | 2.91250 | 3.88333 | 4.85416 | 5.82499 | 6.79583 | 7. 76667 8. 73750: 

10 00 . 96985 | 1.93970 | 2.90954 | 3.87938 | 4.84923 | 5.81907 | 0.78892 | 7.75876 8. 72861 

10 - 96884 | 1.93769 | 2.90653 | 3.87537 | 4.84421 | 5.81306 | 6.78190 | 7.75074 8. 71959 

20 .96782 | 1.93565 | 2.90347 | 3.87129 | 4.83912) 5.80605 | 6.77477 | 7.74259 8. 71042 

30 .96679 | 1.93358 | 2.90037 | 3.86716 | 4.83395 | 5.80074 | 6.76753 | 7. 73432 8. 70111 

40 . 96574 | 1.93148 | 2.89721 | 3.86295 | 4.82869 | 5.79443 | 6.76017 | 7.72591 8. 69165 

50 .96467 | 1.92934 | 2.89402 | 3.85869 | 4.82336 | 5.78808 | 6.75271 | 7.71738 8. 68206. 

11 00 .96359 | 1.92718 | 2.89077 | 3.85436 | 4.81795 | 5.78154 | 6.74513 | 7.70872 8.67232 

10 .96249 | 1.92498 | 2.88748 | 3.84997 | 4.81247 | 5.77496 | 6.73746 | 7.69995 8. 66245 

20 .96138 | 1.92276 | 2.88414 | 3.84552 | 4.80690 | 5.76828 | 6.72966 | 7. 69104 8. 65242 

30 .96025 | 1.92051 | 2.88076 | 3.84101 | 4.80126 | 5.76152 | 6.72177 | 7. 68202 8. 64227 

40 -95911 | 1.91822 | 2.87732 | 3.83643 | 4.79553 | 5.75464 | 6.71375 | 7.67286 8. 63196. 

50 95795 | 1.91590 | 2.87385 | 3.83180 | 4.78074 | 5.74769 | 6.70564 | 7.66358 8. 62153. 

12 00 .95677 | 1.91355 | 2.87032 | 3.82709 | 4.78386 | 5.74063 | 6.69741 | 7.65418 8. 61095: 

10 .95558 | 1.91116 | 2.86674 | 3.82232 | 4.77790 | 5.73348 | 6.68906 | 7. 64464 8. 60023. 

20 - 95438 | 1.90876 | 2.86313 | 3.81750 | 4.77187 | 5.72625 | 6.68062 | 7.63500 8. 58938. 

30 95315 1. 90631 2. 85946 3. 81261 4. 76576 5. 71892 6. 67207 7. 62522 8. 57838 

40 .95192 | 1.90384 | 2.85575 | 3.80766 | 4.75958 | 5.71150 | 6.66341 | 7.61533 8. 56724 

50 .95066 | 1.90132 | 2.85199 | 3.80265 | 4.75332 | 5.70399 | 6.65465 | 7.60532 8. 55598 

13 00 .94940 | 1.89880 | 2.84820 | 3.79759 | 4.74698 | 5.69638 | 6.64577 | 7.59516 8. 54456 

10 .94811 | 1.89623 | 2.84434 | 3.79245 | 4.74056 | 5.68868 | 6.63679 | 7.58491 8. 53302 

20 .94682 | 1.89364 | 2.84045 | 3.78726 | 4.7340 5.68088 | 6.62770 | 7. 57452 8. 52133 

30 . 94550 1. 89101 2. 83651 3. 78201 4. 72751 5. 67301 6. 61852 7. 56402 8. 50952 

40 .94417 | 1.88835 | 2.83252 | 3.77669 | 4.72087 | 5.66505 | 6.60922 | 7.55339 8.49757 

50 .94283 | 1.88566 | 2.82849 | 3.77132 | 4.71415 | 5.65698 | 6.59981 | 7. 54264 8. 48548 

14 00 94147 | 1.88295 | 2.82442 | 3.76589 4.70736 | 5.64884 | 6.59031 | 7.53179 8. 47326 

10 94010 | 1.88020 | 2.82030 | 3.76040 | 4.70050 | 5.64060 | 6.58070 | 7.52080 8. 46090 

20 93871 | 1.87742 | 2.81613 | 3.75484 | 4.69355 | 5.63226 | 6.57097 | 7.50968 8. 44840 

30 .93731 | 1.87462 | 2.81192 | 3.74923 | 4.68654 | 5.62385 | 6.56115 | 7.49846 8.43578 

40 93589 | 1.87178 |. 2.80767 | 3.74356 | 4.67945 | 5.61534 | 6.55123 | 7.48712 8. 42302 

50 93446 | 1.86892 | 2.80338 | 3.73784 | 4.67229 | 5.60675 | 6.54121 | 7.47567 8. 41013 

15 00 .93301 | 1.86602 | 2.79903 | 3.73204 | 4.66505 | 5.59806 | 6.53107 | 7.46408 8.39710 

16 00 .92402 | 1.84805 | 2.77208 | 3.69610 | 4.62011 | 5.54414 | 6.46816 | 7.39218 8. 31620 

17 00 .91452 | 1.82904 | 2.74355 | 3.65806 | 4.57258 | 5.48710 | 6.40161 | 7.31613 8. 23065 

18 00 .90451 | 1.80902 | 2.71352 | 3.61803 | 4.52253 | 5.42704 | 6.33154 | 7. 23605 8. 14056 

19 00 .89400 | 1.78800 | 2.68201 | 3.57600 | 4.47001 | 5.36402 | 6.25802 | 7.15203 8. 04603 

20 00 .88302 | 1.76604 | 2.64906 | 3.53208 | 4.41510 | 5.29812 | 6.18114 | 7.06416 7.94718 
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TABLE 3.—F'actors for computing differences in elevation 


To obtain the difference in elevation in feet, multiply the horizontal distance in meters by the factor in 
this table corresponding to the observed angle of elevation or depression. The factors are given for each 
10 minutes, but the value for the nearest minute may be interpolated, using the column of differences 
for 1 minute. The result is still to be corrected where necessary for the effect of curvature and refraction] 
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TABLE 4.—Corrections for curvature and. refraction 


[The correction in feet for the combined effect of curvature and refraction is given for 
X 100 meters' distance, the thousands of meters being given in the column to the left 
and the hundreds in the upper line. The correction is to be added to the difference of 
elevation for angles of elevation and subtracted for angles of depression, or it is always 
to be added to the uncorrected. elevation of the point to be determined from point of 
observation. Example: At a station whose elevation is 1,000 feet (at telescope), angle to 
signal=3° elevation, horizontal distance— 5,000 meters. From Table 3 factor is 0.1719, 
which multiplied by 5,000— 859.5 feet. From Table 4 correction is 5.5 feet. Corrected 
difference of elevation— 859.5 + 5.5 — 865 feet, which added to 1,000— 1,865 feet for eleva- 
tion of signal. If the above angle to signal be 3? depression, then corrected difference of 
elevation = 859.5—5.5+4 854 feet, which makes height of signal— 1,000— 854— 146 feet] 


Dis- 
Dee 0 100 200 300 400 | 500 | 600 | zoo | 800 | 900 | 1,000 
meters 
Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 
0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 
1,000 .2 .3 .8 .4 .4 25 .6 .6 se .8 .9 
2, 000 .9 1.0 11 22 1.8 1.4 1.5 1.6 Tm 1.9 2.0 
3, 000 2.0 2.1 2.3 2.4 2.6 2.7 2.9 3.0 3.2 3.4 3.5 
4, 000 3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1 5.3 5.5 
5, 000 6.5 5.8 6.0 6.2 6.5 6.7 7.0 7.2 7.4 U 80 
6, 000 80 8.2 8.5 8.8 9.1 9.4 9.7 10.0 10. 2 10.6 10.9 
7,000 10.9 112 11.5 11.8 12.1 12.5 12.8 13.1 13.5 13.8 14. 2 
8, 000 14.2 14.5 14.9 15. 3 15.6 16.0 16.4 16.8 17.2 17.6 18.0 
9, 000 18.0 18.4 18.8 19. 2 19.6 20.0 20.4 20.8 21.3 21.7 22.2 
10, 000 22.2 22.6 23.0 23.5 24.0 24.4 24.9 25.4 25.8 20.3 26.8 
11, 000 26.8 27.3 27.8 28.3 28.8 29.3 29.8 30.3 30.8 31.4 31.9 
12, 000 31.9 32.4 33.0 33.5 34.1 34,6 35.2 35.7 36. 3 36.9 37.4 
13, 000 37.4 38.0 38.6 39.2 39.8 40.4 41.0 41.6 42.2 42.8 43.4 
14, 000 43.4 44.1 44.7 45.3 46.0 46.6 47.2 47.9 48.5 49.2 49.8 
15, 000 49.8 50.5 51.2 51.9 52.5 53.2 53.9 54.6 55.3 56.0 56.7 
16, 000 56.7 57.4 58.2 58.9 59.6 60.3 61.0 61.8 62.5 63.3 64.0 
17, 000 64.0 64.8 65.6 66.3 67.1 67.9 68.6 69.4 70.2 71.0 71.8 
18, 000 71.8 72.6 73.4 74.2 75.0 75.8 76. 7 77.5 78.3 79.1 80.0 
19, 000 80.0 80.8 81.7 82.5 83.4 84.2 85.1 86.0 86.9 87.7 88.6 


Comparison of feet and. meters 


[1 meter — 3.280869 feet] 


Meters Feet Feet Meters. 


3. 2808 
6. 5617 
9. 8425 
13. 1233 
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TABLE 5.— Horizontal distance in meters corresponding to difference of elevation 


of 100 feet 
Horizontal Horizontal Slope Horizontal 
(aegre itane in | caegrees) | Cittaneein (degree | distance in 
1 1, 745 11 157 26 62. 5 
115 1, 164 12 143 27 59. 8 
2 873 13 S052 28 DER 
215 698 14 122 29 55. 0 
3 582 15 114 30 52.85 
3% 498 16 106 31 50. 7 
4 436 17 99. 7 32 48. 7 
415 387 18 93. 8 33 46. 9 
5 348 19 88. 5 34 45. 2 
54% 317 20 83. 7 35 43. 5 
6 290 21 79. 4 36 41.9 
7 248 22 TORD 37 40. 4 
8 27, 23 7128 38 39.0 
9 192 24 68. 5 39 37.6 
10 173 25 65. 4 40 36. 3 


TABLE 6.—H eight in feet corresponding to a given angle of elevation and a gwen 
distance in meters? 


Meters 300 400 500 600 700 800 900 1,000 1,100 
Angle 
CUL Feet Feet Feet Feet Feet Feet Feet Feet Feet 
0 1 0.3 0.4 «0. 6 0.6 0.8 0.9 1.0 1.2 ES 
2 .6 .8 1.0 1.2 1.5 ET 1.9 2.1 2.4 
3 .9 152] 1.5 1.8 2.2 2.5 2.8 3.1 3.4 
4 1.2 1.5 2.0 2.4 2.8 3.2 3.6 4.1 4.5 
5 1.5 1.9 2.4 2.9 3.5 4.0 4.5 5.0 5.5 
0 6 1.8 2.3 2.9 3.5 4.2 4.8 5.3 5.9 6.6 
7 2.1 2:7 3.4 4.1 4.8 5.5 6.2 6.9 7.6 
8 2.4 em 3.9 4.6 5.5 6.3 1. 7.9 8.7 
9 2.7 3.5 4.4 5.2 6.2 7.0 TR) 8.8 9.7 
10 2.9 3.8 4.9 5.8 6.8 7.8 8.8 9.8 10.8 
(D 301 8.2 4.2 5.3 6.4 yer 8.6 9.6 10.7 11.8 
12 3.5 4.6 5.8 6.9 8.2 9.3 10.5 MAT 12.9 
13 388 5.0 6.3 7.5 8.8 10.1 11.4 12.6 13.9 
14 4.1 5.4 6.8 8.1 9.5 10.9 12.2 13.6 15.0 
15 4.4 5.7 T2 8.6 10. 2 11.6 TERA 14.5 16.0 
0 16 4.7 6.1 Vidt 9.2 10.8 12.4 13.9 15.5 17.1 
17 4.» 6.5 8.2 9.8 11.5 13.1 14.8 16.5 18.1 
18 5.2 6.9 8.7 10.4 12.2 13.9 15.7 17.4 19.2 
19 5.5 bee 9.1 10.9 12.8 14.7 16.5 18.4 20.2 
20 5.8 V7 9.6 11.5 13.5 15.4 17.4 19.3 21.3 
0 21 6.1 8.0 10.1 12.1 14.2 16.2 18.2 20.3 22.3 
22 6.4 84 10.6 12.6 14.9 17.0 19.1 21,2 23.4 
23 6.7 8.8 11.1 13.2 15.5 BST 20.0 22.2 24.4 
24 6.9 9.2 11.5 18.8 16. 2 18. 5 20. 8 28.1 25.5 
25 7.2 9.6 12.0 14.4 16.9 19.3 217 24.1 26.5 
0 26 ep: 9.9 12.5 14.9 17.5 20.0 22.5 25.0 27:6 
27 7.8 10. 3 13.0 15.5 18. 2 20. 8 23. 4 26. 0 28. 6 
28 8.1 10.7 13.4 16.1 18.9 21.5 24.2 26.9 29.7 
29 8.4 TII 18.9 1627 19. 5 22.3 25.1 27.9 30.7 
30 8.7 11.5 14.4 17.2 20.2 23.1 26.0 28.9 31.8 
0 40 Vet ta} 15.3 19. 2 22.9 26.9 30.7 34.6 38.4 42.3 
50 14.4 19.1 23.9 28.7 33.5 38.3 43.2 47.9 52.7 
1 00 17.2 22.9 28.7 34.4 40.2 46.0 51.7 57.5 63.3 
1 10 20. 1 26.7 33. 5 40.1 46.9 53.6 60.3 67.0 73.8 
1 20 23.0 30.5 38.3 45.8 53.6 61.2 69.0 76.6 84.2 
1 30 25.8 34.4 43.0 51.6 60.3 69.0 AT 86.1 94.7 
1 40 28.7 38. 2 47.8 57.3: 66.9 76.6 86.3 95.6 105. 2 
1 50 31.6 42.0 52.6 63.0 73.6 84.2 94.9 105. 2 115.7 
2 00 34.4 45.8 57.4 68.9 80 92 103 115 126 
2 30 43.0 57.3 71.7 86.0 100 115 129 144 158 
3 00 51.6 68.8 86.2 103. 2 120 138 155 172 190 
3 30 60. 2 80.4 100. 5 120.5 141 161 181 201 221 
4 00 68.9 91.8 114.8 137. 7 161 184 207 230 253 


1 Curvature and refraction taken into account for angles of elevation. This table should not be used for 
angles of depression. 
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distance in meters—Continued 
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Example of use of Table 6 


[Angle of elevation from point A to point B, distant from each other 1,756 meters=1° 56°] 
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Point B is 195.62 feet above point A. 
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TABLE 1.—Dip at distances short of the horizon 


The following table is taken from American Practical Navigator, as published by the United States 
Hydrographic Office] 


Dis- Height of the eye above the sea in feet 
tance 
of 
land 
insea-| 5 10 15 20 25 .30 35 40 
miles 2 
, , , y U F. ^ , 
M 1 23 34 45 57 68 79 91 
LA 6 12 17 23 28 34 40 45 
34 4 8 12 15 19 23 27 30 
1 3 6 9 12 15 17 20 23 
114 3 5 7 10 12 14 16 19 
1% 3 4 6 8 10 12 14 16 
2 2 4 5 7 8 9 11 12 
24% 2 3 4 6 d 8 9 10 
3 2 3 4 5 6 7 8 9 
314 2 3 4 5 6 6 7 8 
4 2 3 4 5 5 6 7 zi 
5 2 3 4 4 5 6 6 7 
6 2 3 4 4 | 5 5 6 6 


NorE.— The numbers of the table below the black lines are the same as for the sea horizon at these heights, 
the visible horizon corresponding to these heights not being so far distant as the land. 


REMINDERS 


Important points to be remembered in using the plane table for topographic 
surveying are summarized below: 


1. Plumb point over station for short azimuths. 

2. In orienting, see that alidade edge cuts both station points equally. 

3. While looking through the telescope at orientation station, press and pull 
table slightly to assure its solidity. 

4. Orient on distant signals and resect on near-by ones. 

5. Do not orient on short lines for long cuts. When it is required to orient 
by a previously drawn short cut, the cut should have been extended by marking 
short lengths ‘of it 12 to 18 inches from the point. 

6. Check orientation of table at completion of work at a station and before 
drawing important cuts. 

7. See that rodmen hold stadia rods vertical by standing squarely on both 
feet directly behind the rod. 

8. Keep points of dividers sharp and protect them when not in use by a 
small piece of rubber or cork. 

9. Keep pencil sharp and, when drawing direction lines, hold it close to edge 
of alidade at constant angle. 

10. See that alidade rule makes close contact with the paper. 

11. Mark on the cut with a small circle the approximate position of the 
point sighted on. 

12. Draw magnetic meridian on sheet. 

13. Keep sheet clean. 

14. Keep bottom of alidade clean. 

15. Do not rub alidade over sheet more than necessary. Lift it. 

16. Do not let body or arms rest on the table. 

17. Be careful not to crush paper rolled up under the board. 

18. Watch sheet for distortion errors. 

19. Check up before leaving a station to see that everything desired at the 
station has been obtained. 

20. Keep notes for descriptive report. 
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MEDICAL SUPPLIES 


Topographic parties should carry with them at all times a first-aid package. 
When the party is detached from the ship, the following additional medical 
supplies should be kept in camp or on the cruising launch This list is, of 
course, variable, depending upon the locality and the facilities for securing 
professional attention. A copy of the United States Public Health Manual on 
Ship Sanitation and First Aid for Merchant Seamen is recommended to be 
included also. 


1. Quinine, 5-grain tablets (for preventing malaria and as a general tonic). 
2. Compound cathartic pills (a cathartic). 
3. Epsom salts (a cathartic especially valuable for cleaning alimentary tract 
in diarrhea or ptomaine poisoning). 
Brown’s mixture tablets (for colds and coughs). 
Tincture of iodine (an antiseptic). 
Bichloride of mercury (an antiseptic for washing out wounds). 
Aspirin (for relieving headaches, reducing fever, pain in joints). 
Bandages and absorbent cotton. 
Adhesive tape. 


SOE COT Coe SU 


104 


U. S. COAST AND GEODETIC SURVEY 


WORKS AND STRUCTURES 


Good motor .......-. 
Roads---4 Poor motor or private 


On small-scale maps .—— -_-. 


` 


Good pack... Menen A een en anna 


Poor pack or foot 


TTET 


Trai | 


Railroad o, any kind ... ee m a S a ER m nS e m n e d 
(or single track) : 
Double traok .....—— ——— ~~ PE A malen psuóuri aqua 


Juxtaposition OF ..........--—._ - gereinigt 
Railroads « Narrow gage eaan 


Eleotris <5. erence AL 
(passenger only) 


In road or street ._.___-........ „allroad — Electric | 


Railroad crossing .. 


Grade—RR above—RR beneath 


Tunnel (railroad or oa ee E EN 


General symbol —{ 
Drawbridges ———4 E 
= 

Foot. oe ee eee 
Bridges -- 

Truss (W, wood; S. steel; 

, girder) 

Suspension... ee TER 

Arch Eden ae, 

Pontoon srann 
Ferries —————— -————————— 

Road — ss RET 
Fords—— 

Trail BEPA EN EI A 
Dam. e eee cR 


Fie. 27.—Standard symbols 
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WORKS AND STRUCTURES — CONTINUED 


Telegraph or telephone line "NA a ec eas 


Telephone line ae, pe Sy cee 


(optional for Forest Service) 


Power-transmission line... usn 


Buildings in general. fi ae SN 


(aid rg 
Railroad station of any kind. 
Church tec er 1327 E L E E s 
Ghurch (optional for nautical charts) T RE NN IR 
Schoolhouse .. . hike. doc e ora nn 
Gemetery ....... SUME uo 11d 
Ruins... 


Cliff dwellings ................... 


Gapital-— nn — D 
City, town, or village . 


Gounty seat ernennen emen (G) - 


mall-scale maps) 
Other towns - LT averse? E A E STAR ee 
City, town, or village (generalized)-—— P eA 
Fenceofanykind ..' 22) :. 7 EP MEET 
(or board fence) 
Stone we ee ee PEC sy TES 
Fences-— Vor nn REN RES 


SEN Fe E 

| Hedge -nmmn D 2 $3 99 (^03 Ot MED 
Mine.or quarry of any kind (or open aut) ______._@ 

TOS DOC rece nerd en EXC 


Shaft REPRE RETERRPERAUIPUEERDM UEM wit gi 


pening ....-..... mamma AN 
Mine tunnel des direction... tres y: 


Fic. 28.—Standard symbols 
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WORKS AND STRUCTURES — CONTINUED 


Oil or gas wells 0959 o 
Windpil- — Aem MEE ERE 
Tanks or use EN MENSIS 


Goke ovens... Te maim 


Ganal or ditch — 


Ganalabandoned  — ee NR 
Ganal lock (point upstream) omnu s ] 
Ganal look large scale) Zu re u H 


Seeusanessrscece sesra2rfe 


Aqueduct tunnel u- T Uni ia SEE c Eoi i 


BOUNDARIES. MARKS, AND MONUMENTS 


National, State, or Province line... — — = = —— 
Gounty line 


Civil township, district, 
precinot, or barrio 


Reservation line _ 


Land-grant line.  —— e cee ees 
Gity, village, or borough 


— —À — — —— —— À — —— —— m en 


Gemetery, small park, eto. eee ees EE 


lines (any one for township line:alone, any. 


Township, section, and quarter-section | (— 
two for township and section lines) bc Wie LE teer 


Township and section corners recovered E 


Boundary monument ~~ THE Pot WEE de 
Triangulation point or primary-traverse station .......... ER 
Permanent bench mark (and elevation) .. MÀ AM 
Intermediate bench mark (and elevation) ...............x 1232 
U, S. mineral or location monument „m... ^ 


Fig. 29.—Standard symbols 
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DRAINAGE 


Streams in general... -L 
t 


Intermittent streams... — — — f iin 


Probable drainage, unsurveyed. 


Lake or pond in general ........... 
with or without tint, water lining. etc.) 


Salt pond (broken shore line if intermittent) 


Intermittent lake or pond... QS 
SDLIDEL 2 PEE E A O POEA L NEE 3 
Wells or. water tanks... 2 2 


Falls.and.rapids.... ——--—- «— 


Gontours............ 
(or as below) 


Glaciers 


Form lines showing flow... P 


RELIEF 


(shown by contours, form lines, hachures, or shading as desired) 


Gontours (blue if under water)... 


Gontours (approximate only)... 


Fie, 30.—Standard symbols 
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U. S. COAST AND GEODETIC SURVEY 


RELIEF — CONTINUED 


Form.lines (no definite interval) 


Hachures ... 


Depression contours 


Bü PUDE E be na 


i 


Bluffs- 
9 
Sand and sand dunes 
Washes 
Levee Berner ERROR 


Fic. 31.—Standard symbols 
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LAND CLASSIFICATION 


| : | 
| 3 | 
| 3 | 
3 3 4 
a q 
i B : 
5 a 
= § 3 
ga m) 
| 
E 
= 


Flat green tint 


(e 


of any kind 


or as shown below) 


Ve 


E: 
X 


A 
E 
"o 
v 
2 
es 
5 
3 
£ 
Q 
S 
= 


Woodland of any 


Pine (or narrow-leaved trees) ___. 
Dalm" eye epee em a e 


2 
* 
5 
® 
d 
R 
1 
= 


Ead 


Palmetto 


Fic. 32.— Standard symbols 


8 


120961?— 35 
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LAND CLASSIFICATION 
CONTINUED 


rt 


Bamboo : 


Cactus 33 9:7 ne TREE ane 


Banana ...... 


Orchard ......... 


Grassland in general ..... 


Tall tropical grass 


Gultivated fields in general ... ... 


Fig. 33.— Standard symbols 
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LAND CLASSIFICATION 


CONTINUED 
Gotton 
Rice ....... 
Sugar cane . 
Gora 
AERIAL NAVIGATION 
Marked and covered by border sketch nd 
; Unmarked but covered by border er ale, 

Landing 
facilities Marked but no sketch available e * 

Unmarked and no sketch available .......uumsmasemmmenm aF 
The routes (with compass courses shown)........ MAG COURSE 141 


City or large town (main railways shown through)... a 
Town or village eG 
Rallroad^one traoko- recte eee IEEE mE 
Railroad two tracks ———— ee 


Railroad, three tracks 


Railroad Jour tracks eee 
Prominent transmission line Ll TIIT 
OOD OS ALR ey a. ccd 


Fig. 34.—Standard symbols 
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HYDROGRAPHY, DANGERS. OBSTRUCTIONS 


In general._. 


Shores 
High and low water lines 
and areas between 


Mud 


Kelp or eel grass 


Rock under water... 


————nÓÓ cers 


Rock awash (at any stage of the tide)... LLL 


Breakers along sbore. 


Fishing stakes mm.. 


Overfalls and tide rips ee = 


Wreck or hulk (hull above water)... mn nn oS 


Fic. 35.—Standard symbols 
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AIDS TO NAVIGATION, ETC. 


Life-saving station (in general) ___ + LSS 
Life-saving station (Coast Guard)... « CC. 
Lighthouse 20, 


Lighthouse, on small-scale chart _. 
NOTE.—Light sectors, shown by dotted lines 


Light vessels, showing number of mast lights... t5 % 


Radio station 2. tee eR SO 


Radio compass station RCO 


Radio tower ......... M REX RTIO 


Radio beacon .— — e R BNO 


Lighted 2 a E e E LTE 
Beacons < 
Wot lighted... C ae Ar 
(samples of distinctive top marks) 

Buoy of any kind (or red BUOY) —...... nn. ? 

Black... is Ra ee bau. ii anne M 

Striped horizontally (in general)... 9 

Striped horizontally (red and black) „muns. ? 

Striped vertically nn nn nt 9 

Gheo Korodi oec recte pene IEEE E EE atem ? 
Buoys -— j 

Perch and square ....... „nn 

Perch and ball -— —— —— ee Top marks 


used with any 
ĝ buoy symbols 
Whistling (or use first four symbols... ; 
with word “whistling’') 


b 
Bell (or use first four symbols with? 
d ‘‘bell’’) 


wor 

h 0 
Lighted — — — —. M 
OO THIN oa A RES 


Fie. 36.—Standard symbols 
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OSSLISTETT VERLISYEZT 
zhxmanysubdouwyfiySpepoqe 
zAxmanyssbdouujyliySjapoge 

"ZAXMADLLSHOdONWDITTHOJ33GOSV 


QZAXMATILSUOdONWTAITIHOT33028V 
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Awash 27 
Twin Rocks Bs fe 
“Awash half tide 


Black Rocks 


heavil Woodey 


Fie. 38.—Section of topographic sheet showing heavily wooded headl 
peep in places; offlying rocks surrounded by kelp; relief ae 


U. S. COAST AND GEODETIC SURVEY 


116 


==. =... 


UMO} JO SI9918 juoo€fpe pur juoij 10jvA SUIMOYS joous orgde13odoj Fo uorpegs—g68 DIA 


--3 L 


EA 


(L26) auıds qQ24045 ısıydeg 


NOLYIWIYG 
MN (£26!) eiodny asnoy nog 
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" 
. 
. 
. 
M 
* 


* 


3 Wrightsville Water Tank; 


Fic. 40.— Section of topographic sheet showing inlet with low, marshy shores, 
separated from the ocean by a narrow sand beach. A highway and railroad 
extend over drawbridges across the inlet to a beach resort 
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[Page numbers of part 1 of this manual, where the general requirements of the Coast and Geodetic Survey 
with respect to the various subjects will be found, are printed in italics] 


Page 
‘Accuracy; standard ofz- 2-22 e 4 
Adjustment of alidade___-_------__-_______ 5, 16, 35 
Adjustment of instruments__________________ 5 
Adjustment or positions... 2-22 LL 45 
Adjustment of traverse. _..._..._.-._..:__._. 57 
Aerial photographs, landmarks for |. = 71 
Aids to navigation, location of____._.. E 6 
Alidade, plane-table_..__-__-_-_____._-..__.. 15 

PNdiüustmentsof ee, 5, 16, 35 

PR ODES 160 ses er UTERE Ree et 6, 25 

‘Transportation between set-ups 54 

PAngless vertical cec ee ke ot 
Pouxilary methodsz7-- essen aoe ee 83 
Barometer, aneroid--...----------.-- ERU 79 
Pesce Sane nod AE ene SERIE eee 60 
Box compass. (See Declinatoire.) 
Broskers; location of. — so ar Ei: 6 
Bridges, location and data required... b 
Buildings; docationOfe er pe 5 
Care of topographic sheets___.__------------- 3,34 
eetluloid:sheets-3- 2 s ten ara nes 24 
Channels through mud flats_...._.-----.----- 70 
Cities: 

Location of 5 

Maps or plans T 
Coast line, nature of.--------- 5 
Coast Pilot information 10 
Compass: 

Box. (See Declinatoire.) 

PTSTA o2. rn 85 
@ontourintervals 2s. 2. eedem 6, 75 
Contouring. oo fsoeccen ree scie 81 
(CORLOUTS SEE t eee at aoe ep ese een 6,72 


Specifications for 
Eontrol.oftopoprapBy- 2. eaae > 
Control, verticale e tr. Nr u An ecce 

Specifications for. - ------------ 
Controlled topographic survey... 
G@unvature Of GALIN o se. eeeeecaas === s=5---< 


(Data to Start survey s-cosesacsse--------=---— 8 
Datum plane (see also Plane of reference)... 1,75 


TOGA ans I En non 6, 20 
IDOSUIDE reu nee EET. eu marre 36, 42 
Delineation of topographic features. ........- 67 


Page 
Eecentric set-ups nee en ae 2.2 40 
Klevations Hrn encesee 76 
Formula for computing............... 78 
How shown gu m EI sn, 6 
In wooded'eouniryz------———--———- 6 
Inking nin aeon E Er 9 
Numporor a EE a s 6 
Equipment and instruments 14 
Equipment, Ist. ofen es ee 24 
Features to be located...-------------- --- -- -- 5 
Features, topographic: 
Delinegtion Ott esses. ete. 7. 67 
Photographs of 10 
Kield.letter,oßsheeteses er nen 8 


Geographic names. (See Names, geographic.) 


Graphic triangulation= esses: Ee 42 
Extension of control by_-.......-----...--. 47 
Marking Stations meen rm ar 52 

Hatchures NE 71 

Heightof:telescopese se seme nr 79 

High-water line #22 ee en 6, 68, 69 
Inking- Leos m eee ee ee ce 9, 92 

High-water plane............... T 75 

Hills, location and elevation................. 5 

Hydrographic information... --.---.-------- 69 

Hypsopraphw cc eee er s E Erde 20 
Directions for use. 21 

Hypsometriet ints ee SERE ren 75 

Information from other sources-------------- 7 

Inking shoots: 2m eos dec eS 7,92 

Inspection ot sheets: aen e 10 

Instruments, adjustment of-..--------------- A 

Instruments and equipment (see also name 
of instrument) Seea er en eee 14 

Intersection- 2-22 2. re Th adus 42 

Intervals, contour and form line............. 6,75 

Islets; location ofen 2: ee 6 

Junction ofisheets® 2.22. ne Be 86 

Landmarks- a 722 m 

Level, hand...... 

Levels, alidade 

Leveling plane table......................... 31 


1 20 INDEX 
Page Page 
Tocating plane table-—---—--—-—— f 38 | (Railroads, location of--—— eue 5 
mMhree-point probleme -e2. Er aaa = BTS | Raye enn a Sa ae me eee Ee CES 42 
Traversing 52 | Rectangular coordinates_-_------------------ 32 
Mwo-pointproblomntseer rer er 61 | Reefs: 
Tow-waterliness S2 n aa re 6,70 Docation ofz- o. Br en 6 
Inking 41984 VI EM T Ne een 93 Symbols for 8 
Refraciton. 2. 22) oe eee Ses en ag 
Magnetic disturbance, local _-__------------- GA i ee ee TU 
Magnetic meridian. oca 0 IE 6, 41 Representation of. er IU RE 71 
Map, topographie d- anea ee Eu 1: | Reminders N Ses ge 102 
Medicalsupplies! 2 22 #2 Zar ee 1087 le Repairs, emergency. Me ES 25 
Meridian, magnetie Reports descriptive: seems en 11 
inking ses ER ee ae ees Resection 4 
Meridian, true Revision surveys 
Mountains, location and elevation of........ 5 Inking oe SAVE ee 
Rivers, location of 
Nannes geographic -ore ee sere er eee 10 | Roads: 
mang eee e e eee 9, 93 ik ie’ o een eres UBER EHER 93 
Notes- --...---.--------------------=-------- 88 ocatlion oles see. ne en 5 
Notes on shoots- a2. urn. n e re 8 | Rocks: 
INumpers inking ee EM 9 Rocation Ole. =e DENS 6 
Objects} locationiofe rr 5 Symibus for E = 
OS Work D. ee ES u. 92 Bonne d 1 a 
SIDE Rods; telemeter t- c Lr 18 
Organization of party- -aana ix 27 : E 
a ns E. ES 45 Errors in- traversing ae ae 55 
eri Rea ding. 2. M eC ee eee 5 
Orlentingplanétable ——-—--- —*— — T 38 Testing 5,35 
Declinatoirenwither ser ee ee ES 4E poc ng 7r. ao 1 d leen Fer d 
fi 'hreespoint:problem----—----.—--.-- 72020 57 
"PIaversing cee ee ee eae 54 | Sand bars, location of_-_---_----------------- 6 
Mw- point problenm. ee 61 | Sanding----------- nn + 98 
Seale; definition otn ee e 1 
Paper for topographic sheets... 3 | Scales for topographic sheets 5 
Paper for transferring 89 ||) Seasoning sheets: 9s eer PUN 23 
i«:Partysorganizationrone se ee 27. | Setting up Plano taplo: -mi Fre 36 
PBencisce-» aE ee et ca P M n 43 | Set-up points, plane'table_-___=__--_-_-_____= 52 
Photographs of topographic features_________ 10 Riccenjtie-5. ae nd X CR eee 40 
Bhotographs;ofsheets rer, 10 Inline with two stations- 2. 2-2 .2% 39 
Photography | «e ee eee ee 90 | Sheets, topographic: 
IPhototopographyss Er eee 90 Arrangement Of. 2 ew 3,29 
Piles location 0 fev ee eee ER PENES 6 
Plane, datum (see also Plane of reference) _____ 1,75 
(Plane of reference:¢.- — 7 ee 6 
Plane table: 
Carrying between set-UDS-------------- 37 
Description of 14 
qoovelingc er tet eS uU NEU 37 Inspection and approval of__-_--_________- 10 
Location of. (See Locating plane table.) Junction of 
Orientation. (See Orienting plane table.) IN OLOS' ONE? +. 82 oa la eee ene 
Plumbing e ne cc I RR 37, 40 iPaper forr Sle <a eee 
Setting up... eee eee ee 36 Pencil work on 
Blane-tableimane. 2s c aca eee 27 Photographs or tracings 0f__-_______-_---..- 10 
Plane-table positions, list Of- ---------------- 12 Placing'on Boards tt TIER 36. 
Plane-table sheet (see also Sheets, topo- Plotting control stations__..-.-... .......— 3i 
graphio): WE TONES Oe EN Preparatiomof.. KREIEREN RNC 29 
Plumbing plane table____________ ‘Projections, for: ME II EEE m 8 
Position, adjustment of___________ Sesles Tor. acl ir. 
Positions, plane-table, list of Seasoning 
Preliminarydocationssss ease ee eee Storage of 
Preliminary operations -e ETE Titles for 


Progress sketch 2.02 ot e eee 
Projections________ 

Data regarding 4,8 
Property, damage to----------- 18 
Protractor, tracing-cloth 61 
Publics relations with eese E 18 


'Tube for carrying 
Shore line: 
Inaccessible 
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Page Page 

Signalinpo cere EN URN 56,68 | Topographie map--------------------------- 1 

Signals: -| Topographic sheets. (See Sheets, topo- 
Construetiomot c MT 28, 70 graphio.) 

Location ofer ue e n quM & | Topographie stations. (See Stations.) 

SKIDISUntl0ns ee ese we UTE Ts 54 | Topographie surveying. (See Surveying, 

Stadia rods. (See Rods, telemeter.) topographic.) 

Stations: Towns socatloniOleeme Eterno 5 
IDESCLIDbIONS Of wc nA E MEL IDownsp»mapsjorpplansiope eue __ ? 
BOCA ONO eee E ok A Tracings of sheets 10 
Potting on shooters = aes ee Trails, location of 6 
PYDI Or seas ne cu iuto E X ^ ‘Transfer paperless a e sen 89 
Topographic, marking . 0 L Transmission lines, location of--~---~-------- 5 

Subplan, extension on_______________ Traverse, execution'o[a ose co Toe uer 4 

Survey, data to start_--_____________ 'Traversé,planetablo eee 52 

Surveying, topographic______________ Adjustment. eS 2 seruus 57 
Ausiliaryymethods- ^ 24. * Use of various methods. ........... 55 
In advance of control Tree line, location of 5 
Tanerion oRworkes S. c Triangleiofertor ma men eee 45 
IBholograpiicw aes a pL Triangulation, execution of 4 
Revision surveys Triangulation, plane-table. (See Graphic 
Standard of accuracy triangulation.) 

Sympos Astato a n S se de DR EI Ar TDripod,planeraplee nen L 14 

Symbols for topographic features Tube, sheet 8 

Twopointproplern e aaan a se eee = 61 

Testing plane-table equipment..-_________.. 5,35 | Vegetation: 

Telemeter rods. (See Rods, telemeter.) lükingecc RR Rie s 

Eh ree-pointiproblemsoe ver UE 57 Nare Of 
Bessel’s TMC TINO Ce Nee eee he rx as 60 Symbols for... 

Titles for sheets SINE ee ae N N; 10 | vertical angles 

Topographic features. (See Features, topo- 
graphic.) Weight ofiequipmentzasses=- sees ase 14 

FEopopraphie. forms ug me Ar ars 8307| 2Wharvessloeationtofce meet 5 


